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insposmoN list 

Uininu Mn^ IxmhhI uiuhT ro]MM’li iho (►irKJrru ol Uio l)<‘|»iirinu*nt< 
woio (»mpl(>y<*(l js follow.4 : - 


tiitpmuierulvuis. 

Dr. L. L* Krrmoi,* . . nt lu'a(l({UiiriorH and olliciat- 

o(J ns J)ir(i(itor Uiroui'lioiit tho year. 

On. <J. i>w J*. (Jo'iTRii . PInml in ekirge of tlio Punjab and 

Nortih-WoHt Party ; left for tho 
field on th(i 11th January and re- 
turned from tho field on tho 20th 
July, J931, Eomainod at hoad- 
(]uartera. 

b2 
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Dr. J. Gout™ Biuavn . Coniiiiued in oluirgo o\ tlio ISuruia 

J\ai»y U‘iiv<‘ out oi Indu 

on average ]>ay lor I uiontli and lo 
iUyb eombinod viiJi l<‘av<* on liall 
av<Tage pay for 5 inontlis and 14 
duyb Iroin tLo lUtL Mar<'h iWM. lie- 
turned bom lca^o ami rissumod <luty 
on tlie ITtk October, 1!)31. riuced 
m oliargc of tin* Burma Uii oJe, 

Mr, H. C. JoNEb , Keturnod Iroiu leave and robiuuod diit.y 

on tlic ibt November, 11)31. lie- 

inained at boadquartora. 

Dr. a. M. Hekok • • licturned Irom the liold on the 13tL 

Aprjl, 1931. Kemaiiied at head- 
quarters and placed in charg<^ oJ the 
Northern Circle. 

Or, 0. S. Fox • . Placed in charge ot the Bihai and 

Oriasa Party. De])uted to examine 
the coalfields ol Asbam Irom tlw' 
yth January to 2nd February, 1931, 
Granted leave out ol India on 
average pay for 8 months. lleturn- 
cd Irom leave and resumed duty on 
the 4th November, 1931, Placed m 
charge ot the Southern Circle and 
lelt for the Central Provinces on the 
Ist December, 1931. 


Assistant ISupeiintandenis. 

Mr. H. Ceoukshank . Granted leave out of India on avcTage 

pay for 6 months combined with 
study leave for 12 months ; availed 
himself of the same with effect horn 
the 23rd March, 1931, Irom the 
field, 



Part l.J Ucnetnl Reptirffof I9HL b 

Mb. 0. V. Horhun llciiiaiiM'd nt Tioa(l<(iiiirt«r8 iiv oliarge of 

US AsHifabuit l>iro«ttK>r till tlio 
.‘Jrtl Novonihcr 1931. A<*1 i«hI as 
Puliwmtologiat from tlw' 20tli MaTcli 
to SOth SoptomlM'T, 1931. (Iranted 
loavo oji av(‘riigc pay for 8 months 
oombiucd with loavo on half average 
pay tor 3 mojilhs from the llth No- 
vember, 1931. 

Me. E. L G. Cixu(. . lleturned from leave .iiwl resumed duty 

on the 2l8t 8ept(‘mber 1931. Placed 
in charge of oflie(> as Assistant Direc- 
tor from the 4th November, 1931. 

Rao Baiiapur M. Vina- Remained at headquarters till the 13th 
TAK Rao. February, 1931. Granted leave on 

average pay for C months an<l 2 days 
<!oiubined with le.ive on half average 
piy for 17 months and 29 days from 
the 14th Februar}', 1931, with per- 
mission liO retire on the ex^nry of 
leave. 

ivli! E ,1 Rrapriiaw . On leave. 

Mu A li. Returned from the held on the 18th 

April, 1931. Plaewl in oharge of the 
Burma Party during tin* absenoe of 
T)r. J. Ooggin Brown on leave and 
left for Itangoon on tlu* 2Cth April, 
1931. Returned to Galeatta on the 
22nd October, 1931. Attached to 
the Southern Circle to carry on the 
survey of the asbestos field in the 
Cuddapah district, Madras. Loft for 
the field on the 9th December, 
1931. 
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(> 


Mtt. I). N. Wadia 


Dk. .1. A. Dunn 


Mr. 0. T. Barber 


Mb. E. K. (4be 


Contiuiml to act as ValiHuitologisli till 
thf 25tli lU.'JJ. AthicluMl to 

tiic Punjab and North-West 
Party. Left for the field on the 
25th March, 1931, and leturnod on 
the nth Septoraber, 1931. Kc- 
inainod at headquarters as Palfcon- 
tolofpst from the 1st October, 1931. 

Continued to aet as Curatfor ol th(‘ 
(leoloyical Miuseum and Labonitorj 
till the 19th April, 1931. Granted 
loave, on average ])ay for 1 months 
oombinwl with lea\e on hiill average 
pay for 10 months and 21 ilays from 
the loth July, 1931. 

Continued as Eobident Geologist at Ye- 
naiigyaimg and Official Member o[ 
tho Youangyaung Advisory Board. 
Granted lo;>ve on averag(' i).iy lor I 
month from tho 25th Septombor, 
1931, with permission to aCfe Sun- 
day, the 25th October, and tho 
Burma gazetted holidays from tho 
26th October to the 2nd November, 
1931. Koturned from leave and re- 
sumed duty on the 3rd November, 
1931. 

Grantorl leave out of India on average 
pay for 4 months and 10 days com- 
bined with study leave for months ; 
availed himself of tho same with 
eSeot from the 2Uth Mtuuh, 1931, 
from the field ; returned from leave 
and resumed duty on the 2.')th Octo- 
ber, 1931. Attached to the North- 
ern Oirelo and loft for tlic Salt Range 
Punjab, on the 4th December, 1931. 
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Mii, W. D* Wkst Hotiurn<«l iroin Uio oA Ihi* 'I 111 

fhily, ItKU (;«> QiiHlii 

Irom Ui< i!Mii ildjiiisl. (p« lOili »S<‘p- 
ti<*nib« I'JJli, <i<> uxiniiiiK' Llu! off(‘«t8 
ol the eartlujiuiki'c’. Apiwunt^il as 
Curatioi' rtf thi (jcoiogirtal Mufliuini 
and Laboiutirtry /roiu Uie lat hlovem- 
her, 

Me. a. K. Bawmkji . JteturiMxl to Ihiiigoon Jrora lieid work 

ill Skjigok Hfcioio 'J’raoii on the >Hh 
Jufle, 19;U. tor leiswiH in Oal- 

CHtfc.i «n tlie same date Bi'nuiiited 
at hearhjuarterH. 

De. M. B. Keishnan - lletiimwl Irom the held ou the 18th 

April, 1931. Acted ah (hnutor oi 
the Geological Museum and Laliota- 
toty Iroiu the 2(>th April to iilst 
October, 1931. Attachod to the 
Southern Oirole and loft for field 
work iu Bihur and Orissa on the 7tli 
December, 1931. 

Me. P. LiiK'hHTEE . Bi'ported ou the llluwgaw Low Lovol 

Dike Scheme oi the llaiigcHtn Water 
Supidy PTOjects Oontinin-d and 
completed his work on tho Undiw- 
gronnd Water Supply of Uungoon. 
Homaiiud at Rangoon. 

Db. H K. Ohattbe.ter . Rotunted from tho field on the 215th 

Aj[Mril, 1931. Serviees plaeod tem- 
l»orarily at tho disposal of tho Do- 
iMiitiiient of Education, Health <ind 
Lands for a period oi two months 
from the Ist July, 1931. Remained 
at hoodquuritets. 

Mb. J. B. Axudek . . Returned from the field on the 0th 

Julyf 1931. Attached to the Kozth> 
eru Oiielo for vucfSt in the Himalayas. 
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Mft. V. V SoNDHi . Roliuriu'fl Uy l{an<»<Kni Iroiu I’n'ld work 

in ,ilio Houiliorn S]i;in ori Un‘ 

22n(l ffiin**, IjoK. lor 

ill CaloiiUa on (ilio I»0l.h .Iuih*, 
Atfa<j]iod to the Burma Uir<d<‘ to con- 
timie liis w'ork in tlie South<*rii Sliau 
Stak'H and kdt lor Burmu on tin* 
8th December, 1931, 

Me* B. B, Gupta . . Returned to Rangoon Ironi. hold woik 

in the Shwobo diHtii(‘t on tlu* <ith 
May, 1931. li<dt for n^cohh m Cal- 
cutta on tin; 12tk Maj*, 1931. Re- 
mained at headquarters. 

Dr. H. L. CnniRBER , Returned to Rangoon from iiold work 

on the 13th June, 1931. Grantoil 
leave on half average i)ay for 1 un nth 
from the 3rd November, 1931. with 
pcrmisBion to jmdix Sundny tlie 25th 
October and the. Burma gazetted 
holidays from thc^ 2Cth October to 
the 2nd Novenil^ev, 1931. Return- 
ed from leave and resumed duty in 
Calcutta on tlio J5th November, 
1931. Lett for Ilangoon on the llth 
December, 1931. 

Dr. P. K. Ghorh . * Retiuned from lield work in Rajfiutarui 

on the 5th Maj, 1931. Gr.‘Uit<‘<l 
leave on nverag<* lor 29 days 

from the 3rd August, J93>J. H(‘- 

turned from leave and resuuu^d duty 
on the Ifit September, 1931. Attach- 
ed to the Northern Circle to work in 
Jodhjuir State in Rajputaua and lelt 
for the field on the 18th Deceml)er, 
1931. 
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Dr. M. R. Saiini . . RHiirncd to l{.ui<»ooti Iroiti iu>i<l work 

ill till' NorUioni Mli.iii S1..i1.i‘h on Ifw* 
I7(jli May, llKil. la'll, lor locohH 

III Calcutta on tin* :2l)l.h May, 
AUa<‘li<*<I to till' liiiiuia C'liclo and 
loft for Ranj'ooii to coiitinuo tlio sur- 
voy of tho Nortliorn »Hh.ni Htatos 

on tho fltli Docomlior, 19‘51. 


Ohcmiist. 

Da. W. A. K. CnaiflTiE On leave. 

Artist, 

Mb. K. F. Watkinson . Remained at headqunrterf.. (Iraiited 

leave out of India on average pay 
for 3 months and n days eomliini*d 
with leave on hall average |iay lor 
29 days and stnily leave for 2 months 
from the 2l8t Mareh, 1931. Re- 
turned from leave and resumed duty 
on the 26th Sepls'iuher, 19‘11. 


Hiih- Assistants. 

Mr. D. IluATi’AciURif Returmsl ln>m leave and resumed duty on 

tho 2nd January, 1931. Att.i(!h{>d to the 
Oi'Titral Provinoi'R P.irty and left lor the 
Hold outlie 5th January, 1931. Returii- 
<••1 Irom till* Held on tho 3()th Manih, 
1931. (Iranted le.4ve on avi'rage jiay 
on m<«li(‘al (‘ertilioate for 5 months 
trom tlu' 7th April, 1931. Return- 
ed from leave and roHiuni'd duty on 
the 7th September, 1931. Attaohed 
to tlie Honth«‘ni Circle to continue 
his work in the Rhandaza and Nag- 
pur districts. 
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JMk. C. (ilJPTA 

Mk. 11. M. Lauiki 

Oit L. A. Nakavana 
IV'RR. 

Mk. l\ N Mukiuuml 

Mr. a. K. Dey 

P. C. Roy . 

MAttADEO Ram 

N. K. N. Aiymnoar 
Austin M. N. Gii<>.sft 


RetiijiJU‘(i iioiu tl ‘ im tho 1th 

iViiiy, to th(‘ ntrtlih 

ein CiKlo JOT v\orh in noilh Jiom- 

hay. 

RotiirnoU iioni tlio Hold on tJio 22nd 
Apiil, J93i AttcioUod to the 

Noithi.ni Oil do loj woik in the Pun- 
]ab /liid Jioll *# 0 ! Ihe hoI<( on ilio ifith 
IJoTNinlHi, llUl 

Kid ui nod jioin tlk iuJu on iho Int 

Miiy, IKU. Attadicd lo llw' Kuimi* 

(hide loi \\oj\ jn lJii‘ Shi\(l )0 and 
Kalha and leh lor Rangoon 

on tin 22inl Oiioninei*, 1021. 

KetiiiiKnl lioni die Held on the ()th 

IS'Si. Att<alie<l lo the SoiiUi- 

c‘iii Ihieli for vvorL in the C^uddapah 
tlidaut, Madras 

. On leave. 

A^tiUtafit Curator 
. At liead<xiiaTti‘iN. 

Ab^Lslanf Cfhihht. 

• At liead(iua iters. 

Field Collectors. 

. At head<iuaiicrs. 

* At lu*adquarteis. Deputed to inspect 

the ocenrrenoe ot natnial j»as m the 
Mymenbingh distiict from the 16th 
to 23td Aprils 1931* 



Vauv i.l 


Ocneidl }oi l^fol 


li 


I). OtrTA 
A. JJ* Dutta 

K. P, llAKAW 

M. S. Vknkaikam 


At htM(lquai{i*is 
At. lioadtjuaitciv-i. 
. At li(‘a<l(XUHrtprs. 

, At tiea(l<£UtJiU‘rs. 


2. Tli<' cadic ot tlic DopartituMii aoiiUmi<Hl to l)<» (J Hii]UM‘lutcn* 
(h'ntbj 22 riiiiH‘jiiit<‘Jul^'iiis and oia* (Jhamiwt. Tliaro WtU^ 

oiio \a ai‘i*j 'n iJlo )-ia<K‘ ol riu|>ariTdand(‘iit. 

i). Duiui^ tho tli<* linaitnil wtuatioa uuisod tha (Jovara- 

mant oi India t<; <ij>}\niit a Uatiaiialananti Advtoiy Comaiittoa to 
ad^iM‘ oit tha no.s''d)ilitjcs ol t<‘dm*(iorj ol ])1||)1 m* 

Kctreachtncirt. , . . .... 

t'Apeiuutiue. Tin* io<|iiiH‘moots ot th<' rtcioutUK* 

dopartuuMith \\('ro OAunuaod b}' tlu* l*ur{»oh(‘h jSuh-'OoinnutU'o 

ol tho al)ov<* (^oinuiittoe and in all caac^h <lrastic roductioiiB ot 

expenditure, moaning n&ually tliastio roiluctions ol staff, wore 

rcconamonded. Tlio \'aluo of the tesearches of the GooJogieal Purvey 

ol India in cc itribnting to the growth of tJie mineral industries oi 

India, with the consequent promotion of railways and employm(‘ut, 

and the provision of icvenueb to the Centrtd and Local Governments^ 

liub been Kcogiiised; nevertheless the Gov(nnnieiit ol India has 

decided upon a jmsIk* i.duetion ol Uio ga^jett^ul stall* ol tlie 

Depaitment to a ^ adiv oi nuh Mij)ernit( ndents> 10 Assistant 

SupeTintendents aiid 10 Ifixtra Asoi&tant. ^Sujierinb'tidcjits. Owing 

to lea\e dii(» to n tiring olllcerb tin* iiill reduction will take some 

two ye<irs to (dh‘et, but the results in tlie form oJ a reduced amount 

ol Held work accomidishod will begin to ajipear in the next. General 

Koport. 


ADMINISTRATiVb CHANQBS. 


4. Mr. A. L. (Doulson olficiattHl as Buperint<Mident from the 18tli 
April, 1931, to the 31st October, 1931, viae Dr. J. Ooggiu Brown 
and Mr. IL 0. .fones on leave. Mr. D. If, 


Promotion? 

Appointincnts. 


and 


Wadia oiliciated as Superintcjadent from the 
26tli March, 1931, vice. Dr. C. S. I*ox on 
leave. Dr. J. A, Dunn officiated oa Su|>erintondeat bem the 2Dth 
April, 1931 vice Mr. IL 0. Jones on leave* 
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Ml. W. li <5 us KtiiM'iiiitiMuloiit. intiu ilio 2ls< 

Heptunilx'r to Iho tUst OHoIhu’, lt)IU, I'itr Mi II. .lonos on Iwivi', 
and af'um Ironi tlic hsl to the Iktl NovonilxT lUtU vice Dr. 0. H. Fo.'c 
on loav<‘. 

Dr. M. H. Krishnan aclod as Curator, Gcoloj^icnl Museum and 
LahoraUiry, lioiu the 20th Aiiril to the 31sl October, lOlU, and there- 
after Mr. \V. D. West. 


Leave. 


Ml. G. V. liohson acted as Pakiontologust from the 2(ith March to 
the 301h yeptiunber, 1931, and thereafter Mr. 1). N. Wadiix. 

5. Dr. J. Ooggin Brown was granted combined leave out ot 
India for seven months with effect from the 19tb 
March, 1931. 

Dr. C. S. Fox was granted leave out ol India on average pay for 
eight months with effect from the 2nd March, 1931. 

Mr. II. Crookahank was granted combined leavt> out of India for 
one year and six mouths with effect from the 23rd March, 1931. 

Mr. G. V. Ilobaou was granted combined leave for eleven months 
with effect from the 5th November, 1931. 

Eao Bahadui M. Vinayak Rao was granted combined leave for 
two years with effect from the 14th February, 1931, with permission 
to retire on the expiry of the leave. 

Dr. J. A. Dunn was granted combined leave for one year, two 
months and twenty-tour days with effect from the 10th July, 1931, 

Mr. C. T. Barber was granted leave on average pay for one month 
witli effect Itoin the 25th September, 1931. 

Mr. K. R. Gee was granted combined leave out ot India for six 
months and twenty-five days with effect Irom the 20tli March, 1931. 

Dr. H. L. Clihibber wa.s granted leave on liall avi'v.igc pay Iot J 
month with effect from tlu* 3td November, 1931 


Dr. F. K. Ghosh was gtante<i leave on avciage pay loi twenty- 
nine days with effect from the 3rd August, 1931. 

Dr. 'W'. A. K. Christie was granted an extension of leave on h.dt 
average pay for ten months. 

Mr. K. F. Watkinson was granted combined leave out of India for 
six months and four days with effect from the 2l8t March, 1931. 

Mi. D. Bhattachaiji was granted leave on average, pay on medical 
ceit^Ate foi five months with effect from the 7th April, 1931. 
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6. Dr. J. A. Duun coiitimiwl to act tirf a I'lufcHhor ot 

(ipology at the Frobidoncy Oollfoc, t'aiiMiltu, till tljc 1st July, 15)31, 
and Iheroatter Dr. Krisluiuu Iroin the Iht Augubt lo tlu> 'iOtli No- 
vombor, 1931. Tlio latbr w i* roliovcd |)\ Mr. W. l> Went on the 
2L‘t Novtinib<“t, 15)31. 

Ml ft. V. Uobsou coutiiiuod to act as part-tmio Ijocturcr on 
Geology at tbe Dcugal Bugiueeriug Oollem', yibpur, till the 3td 
November, 1931, vbeu be vaa lelicved by Mr. E. L. 0. Olegg 

Dr. S. K. Chatterjee acted as a whole-time Leetiirer ou Geology 
at the Forcbt College, Delira Dm», lor a i)eriod oi two mouthb irom 
the Ist July, 1931. 

PUULICAIIONS. 

7. The following publicatioub were ibsued durmg the yoai under 
report : — 

1. llecorils, Vcl. LXV, Fart 1. 

2. Eccords, VoL LXV, Part 2. 

3. Eecords, Vol. LXV, Part 3. 

4. Mcmoiib, Vol. LVTI. 

5. Memoirs. Vol. LVIII. 

C. Palajontologia Indica, New Series, Vol. IX, Memoir No. 2, Fart IV. 

7. Palaontologia ludica. New Seiies, Vol. IX, Memoir No. 2, 1‘att V. 

y. Palseontologia Indica, New Series, Vol. XI, Fart 11. 

9. I’alajoutologia Indica, New S»‘rieb, Vol. XVII. 

10. Palajontologia ludica, New S«“ries, Vol. XIX 


LIBRARY. 

8. The iidditious to the library amounted to 1,701 volumes, of 
which J,318 wer(‘ ac«juired by purchase and 3,383 by i»rcHentation 
and exchuuge. 

DRAWING OH-’ICO. 

9. The Artist, Mr. K. F. WatJdnson, was in clmrge foj- six months 
only, being absent on combined leave for the other six months. 

During this period the Drawing Office was in 
cliurge ot Mr. G. V. Uobsou, Assistant Direc- 
tor. Thu Eeoords, Mumuirs and Puheuutologia ludica issued during 
the year coutaiued a total of 12G plates. 

A large number ui drawings and blocks fox text figures were 
also prepared. 


FubllcaMuiih. 
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(ieolot^lcal mapb. 


A (joiisi<l(‘raL)l<‘ amouni of woik liaj «iLso bo(Mi (lone in tlio prc- 
paratiiou of plates for loriliconnni* Mcrioirs. 

10. The (j(‘ologi<‘ il Map of India scale I"-- ^2 miles, in <M<>lit 

sheets, which has been in uiucoe of prepriralicm since luis been 

pnblislietl uid is on wsnle 1o tin public. 1’he 
woik of drawiiu' the ori*. nab T<‘(juir(‘cl was 
(lone in the Drawing (WBce, but the printing bv photo-liMiography 
has beini rloiie by the Photo and Liilio Oljiee, Buivey ot India. 
Owing to Ihe amouin of line dtdail and the cure lequiied in tnatelmig 
lln colours the work lias lUH'essaiilv been slow, but ilit Photo and 
Litlio (Mfiee are to be (ongratulated on ih<" exec'^Ient r<'«ulls 
olitaiiied. 

TIk' number oi geologienlly coloured origiiuils loceivod from 
oilicers numbered 1^2, while 1,995 iopogiaphieal sheets were received 
irom tlic Diiactor of Map Publication, and 295 woie issued for 
depaitmeiiut'^ use. 

11. This section has b<‘en fully oc(‘U|)io(l with the reproduction 
of photographs and drawings for publication. Th*^ number of 

original negatives receiv<‘d inti) stock num 
bered 259 while 1,376 photogiaj»hi(* nrint^J have 
been nuide. 


Photoi^ruphic section. 


Staff. 


MUSEUM AND LABORATORY. 

12. Dr. J. A. Dunn continued as tbe Curator of the Geological 
Museum and liaboratory from the (*nmmeneement of the rear until 
the 19t1i April. Dr. M. K. KnsrlLiiin act'll as 
Curator trnm the 2t^th April unld the 
uooii of the 31st Oetoher, and Mr W D, West took the duties 

of Curator from tlie allernoon of the 3l^t (htofa*!. Laba Pinna 
Chandra Itoy was Assistant Curator througlioni thi xtar. (dibits 
Dasarathi Oupta and Anil lihusan Dutt (ontiiiued as Museum 
Assistants, and M. R, Ry. K. P. Ilaraii and M. H. Venkntiam acted 
as temporal y Mufleuni Assistants tlironglioiit tin year. 

13. Dr. W. A. K. Christie was on leave 
during the year under review, 
li. The number of speeimens referred io the Curator during 
the year for examination and report was 037, of which analysers, 
assays and other special detiuminations wiu’c* 
O^fcrmifiiitive work made of 37. The corresponding figurt^s foi 
an an sea. respectively. Chemical 


Chemht. 
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work included analyses of coal, peat, limo-stono, dolerite, shale, 
clay, wolfram, tin, manganoac, spinel, glauconite, copper-ore, quartz 
and others. 

. 15. During the yeiir under review collec- 

Ufliiations to colleges, tions of Indian minerals and rook specimens 
were presented to the following institutions; — 

1. The Irrigation Uesearch Laboratory, Lahore. 

2. The Birisiri M. E. School, Hatshibganj, Myxnensingh. 

3. The McMahon Museum, Quetta. 

4. The Agricultural College, Coimbatore. 

5. The College of Engineering, Bangalore. 

C). Allahabad Municipal Museum. 

7. The Forest Research Office, Ranchi, Bihar and Orissa. 

8. The Mineral Adviser to the High Commissioner for India. 

In addition, the foDowing specific presentations wore made : — 

1. Granite, sandstone, iron-ores, and marbles, to Major Kenny, 

Port Blair, Andaman:^ 

2. Vredenburgite, to the Officiating Director of the Geological 

Department, Mysore. 

3. Tawmawite, to Prof. A. Lacroix, Paris. 

4. HoUandite, sita,parite, vredenburgite and spandite, to Prof. 

Selmeiderhohu, Freiberg in Breisgau, Germany. 

16. In addition to tlie largo number of specimens collcoted by 
the officers of the Department, the following important Indian 
specimens were received and incorporated in the collections of the 
Geological Survey of India : — 

1. Sodimn carbonate blocks, saltpetre, sea salts, rock salt, 

and pigments ; presented by the Industrial section of 
the Botanical Survey of India. 

2. Tourmaline crystal and pegmatite, Kodenna, Hazaribagh, 

Bihar and Ori8.sa ; presented by Messrs. P. F, Chrestien 
& Co. . 

3. Hirmji {red ochre), Par, Gird, Gwalior State; presented by 

Gwalior Durbar. 

4. Lucullite, Sarasani, .Todhpur State, Rajputana ; presented by 

Superintendent of Minos and Industries, Jodlj.par State. 

6. Tawmawite, Jade roines, Myitkyina District, . BurnM. Dr. 
Bleeck’s speeijnen through Prof. Laerbix aad 3^. A. L, 
Coulson. 
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6, c^ibwteriUs and wolfraniit^*, Tauu^jpila mine 
Tavoy, Biuina ; prt\sont<Ml l)y ]\lr. S. II. Harman, 
Tavoy. 

7 Kaolin (wahliod), Yiiinyein, Tliatnn District, Burma , ])rc- 
scntccl 1)}' 51r. P. Jolmstou, tliroui^b Dr. A. M IFcron. 

8. ALdeorilc (diog<‘iiiltj). Tunis, proscnltHl by Prof. A. Lacioix, 
Institute do Prance, Paris. 

i). 21 microbcopt‘ slides of lieavy minerals Irom Assam Tertiary 
rocks ; pi‘(‘aented by tbi* Assam Oil (Jompany. 

The loliowiug foreign spocimeus were added to the oolleotions 
ot tlie JDt'paxtment by exchange : — 

1. Soimj igneous ami sedimentary rocks from Australia. 

2. Auatase, adularia, and quartz, .LUpe Lercheltini, Binneiital, 

V.ilais, Kwifzerlaud. 

Olniochlore, miiscovitt5 and calcatc, Tunnel du Simplon, 
Valais, Switzerland. 

4. Phenacite, San Miguel di Piracicaba, Minas Geraes, Brazil. 

5. Magueto-plumbite crystals, Laugbau, Sweden. 

G. Danburito, Piz Casauel, near Vais, Grisons, Switzerland. 

7, Euxenito, Ambatofotsikely, Mudagascai*. 

8. Tourmaline (green) in dolomite, Campo Lungo, Uazio 

Grande, Tessin, Switzerland. 

9. Bournonite, St. George^s mine, Horhausen, Rhenish Prussia. 

10. Pyrrhotite crystals, Bristenstock tunnel, near Amsteg, Uri, 

Switzerland. 

11. Kyanite and staurolitc, Pizzo forno, Tessin, Switzerlaml. 

12. Deinantoid, Frauscia, near Lanzada, Loml>ardy, Italy. 

13. Erritc and parsettoiisite, Err valley, near Tiiizen, Gris(»ns, 

Switzerland. 

14. Titanito and quartz, Rotlaue, Bernese Oberland, Switzeiland. 

15. Fluorite and laumoutite, Giblisbach, near Fiesoh, Valais, 

Switzerland. 

16. Bimiito, Leugcnbach, Binnontal, Valais, Switzerlan<U 

17. Pericline, Ofenhom, Binnental, Valais, Switzerland. 

18. Smoky quartz, Giuf valley, Tavetsch, Grisons, Switzerland. 

19. Albite, ^Upe Ruschuna, near Vais, Grisons, Switzerland. 

20. Monazite crystals, Ambatofotsikely, Madagascar. 

21. Gold, calaverite, peizite, krennerite, and ooloradoite, ELal* 

goorlie, West Australia. 
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17, At llie roqiwhl of llio Dii’octor <i.t Ai’eliiWoloj^y in 

India, Dr. CoH<‘r nnulo, in 1\l*u<*li, jju (*vnnin<dion of (lio s]>ocimons 
of jewelloiy, sin.ill oriiainohtrt jukI ijl(Mi,sil.s, and sfalutiiy in ilio 
Mnseiiin at Taxila. 

Tlio stone statues wei(‘ mainly of w*hist, l)ot]i hornbl(MKle-sohist 
and mica-seliist being cojiunoiu One .sandstone sljliie was clearly 
from the Riwalik sandstone. 

Smaller statuary, and small ornainentvS and utcmsils wcio usually 
of soapstone, shell, (*alrnreoiife tufa, slielly limosioiio from the Giumal 
series, marble, and alabaster. 

“^riic jewellety consisted mainly of roclc-crystal, amethyst, <jhaleo- 
dony, canndian, .sard, agate, onyx, jasper, malachite, lajns lazuli^ 
and jade. 

There wok* ReveT<d boul<ler.s of gneiss, iin^liiding hornblende- 
gneiss, winch ]>r<)bal)ly came frinn the Indus, and which may have 
been used for weights. Oiu* speohueii oi ccrussite was found. 
Tliere were several glass ornaments. 

18. In the Ilangooii Office, Mr. L. Tl. SJiarma coniiuned liis 
duties as Chcmi<*al Assistant to the Burma Party. XJp to November, 

19B1, 44 specimens wore received and reported 

Ranicooii Office. upon, out of which 11 were quantitatively 

determined They included limestones, lead- and zinc-ores, and 
rocks fioni Ihe Shai^ Siitcs an<i the yameihin and Monywa dis- 
tricts, brine fiom Myitkyina distiicl, and inarbh <»as from, llio Pegu 
district. 

In a<klitiou to his duties ns Oliemical Assistant, Mr, Sharma 
li(‘kl oharire of ilie ftfiiseum collections, and upwards of 76 speiiimens 
were added to th(* registers by variotis members of tlio Party. A 
scTies of mincTals were prosent(‘d duruig tlio period under report 
by the MawoM Mines, Limited, 

During the period under report the Office of the Burma Party 
was equiiq)o<l with a dark room, and u camera for micro-photography 
was installed, Mr. Sharma made various luicro-photographs of rock 
slides and printed the photographs requhod by certain members of 
the Party. 

Early in November, 1031, the Office of the Burma Parly was 
moved from tho building in Dalhousie »Street, occupied since 1924, 
to more commodious ])remises situated in the Old Hanthawaddy 
Court, 693, Merchant Street, Rangoon, 


0 
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19. Duxiiig the field seasons 1924:-25 and 1925-26 Mr, West 
paid two visits to Kathiawar to examine the cores of rock obtained 

Origin of ultra-baslc tlu-oush the Deccan trap. In all, 

lavas : Kathiawar, five deep borings were examined in rletail, 

Bombay. and specimens were collected for more careful 

study at headquarcers. For various reasons work on these lOcks 
has been delayed. But as the task of examining some hundreds 
of rock slides, both imder the microscope and on the Federov uni- 
versal stage, now approaches completion, some of the conclusions 
reached may be briefly siunmarised. 

The situation, depth, and other details of the borings were given 
in the General Eeports for the above mentioned seasons and need 
not be repeated here. It is sufficient to say that forty-eight flows 
and several volcanic agglomerates were penetrated by the three 
borings examined in detail, the flows having an average thickness 
of rather more than 39 feet. The first preliminary examination 
showed that the rocks penetrated by the borings at Jamnagar and 
Khambalia were confined to what may be described as the ‘ normal 
type of Deccan trap, consisting of laluadorite, enstatite-augite, iron- 
ore and glass, resembling closely the rocks described by myself 
from Bhusawal,^ But the rocks penetrated at the other three places 
were found to include, in addition to basalts of the normal type, 
many flows much more basic in composition. For that reason attention 
has for the time being been confined to the rocks penetrated by 
those three borings, situated at Dhandhuka, Botad and Wadhwan 
Junction. 

In classifying these basic and ultra-basic lavas, Mr. Mest has 
found it convenient to divide them into four main groups, based on 
the nature of the phenocrj’bts. It will be shown subsequently that 
this classification has aLo a genetic significance. The grouping 
is as follows: — 

1. Flows with phenociysts of fresh olivine and augite — 

(а) Oceanites and ankaramites (with groundmass felspar). 

(б) limhurgites (with no felspar). 

2. Flows with phenocrysts of fresh olivine, augite and bytow- 

nite. 

1 Mec. Qeok Sw* Ind., IXUl, pp. 93-240, (1923). 
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3. Flows witli plienocrysts of augite, labradorite and occa- 

sional altered olivine, 

4. Flows witli plienocrysts of labradorite and occasional altered 

olivine. 

Tlie plioiiocrysts of olbniie and augite in grouj)s 1 and 2, and of 
augite in gioup 3, arc all large and very fresb. Group 1 is the normal 
type of Deccan trap basalt, and group 3 is very similar but contains 
a few of the large phenocrysts of augite that are characteristic of 
gi‘oups 1 and 2. Group 3 is important, therefore, m linking together 
the ultra-basic t}’pes of groups 1 and 2 with the normal type of group 
4. Five new complete analyses have been made, which reflect tlie 
mineralogical composition as outlined above. Thus a flow from 
gi’oup 1 (a) has IS-IS per cent, of silica and 18-18 per cent, of mag- 
nesia. In a flow from group 1 (b) the magnesia has risen to 20-05 
per cent. It is interesting to note that in this area of Deccan trap, 
in which special t\T)es have been evolved locally, the ' normal ’ type 
of basalt has a composition more akin to basalts of the ' central ’ 
type than to basalts of the ^ plateau ’ type. This is shown by the 
high alumina (16-88 per cent,), low silica (47-90) and low total 
iron, in which the ferric and ferrous oxides are not very different in 
amount (4-80 per cent, and 5-97 per cent.). 

In discussing the origin of these ultra-basic types, certain conclu- 
sions heem to be vrell formded. In the first place there is little- 
doubt that all the rocks rexnt‘8ent flows, and that none are intrusions. 
The various types summarised above were extruded one after the 
other vdthout regard to order, and it is clear that the magmas res- 
ponsible for each rock tj^e must have been available- for tapping 
throughout the whole time that eruption was proceeding. At 
Wadhvun Junction, the earliest flows, resting on the Upper Creta- 
ceous, belong to group 1. At the other two places the lowest flows 
were not reached by the boring?. Then again, although it is con- 
venient to group the rocks into the four main groups given above, 
there is a certain amount of gradation between each group. And so 
the conclusion seems -warranted that the various rock types must 
have had, ultimately at any rate, a common origin. The parent 
rock can scarcely have been other than the * normal ^ type of Deccan 
trap basalt, which so overwhelmingly predominates throughout 
India, and which varies so little in chemical composition. This 
conclusion being accepted, it ii profitable to discuss in what way the 

02 
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Tiltra-basic have heeu derive*! tioia the parent D<=^coan trap 

basalt. 

Tmo pioees-ses of dirfeieniiatioii by ervbtaHisation <*an be consi- 
dered. At the end of rho Oietaceoiis the**e have l)een n general 
rise of the c^eo-ibothnnib thx’oauhoit pmt of the voild, to cause 
the imineiihe ontpoiirn^ of Ivvci thai eh 'lai terser! those times. 
Locally, or riming iidervals of qiiie->cenee theie may have been 
opportunity for the bertlinL of eaily formed eT}'’-5tals, more especially 
olivine, and p<iliaps pnoveue anrl labradoiifce as well ; and such 
agsiesates, on exnuMon votild provide loek typeb of composition 
similar to the nlha-btsic loeks deseiibed above. On the other hand, 
it may b*" that the primitivt* basalt had already imdergone diffeteii- 
tiation locally long prior to fhretaeeoiis times. Subse(juently, when 
irmeltinff took jdace at the end of the Cretaceous, lock tjipes of 
varied comjwsition would be available for extrusion. 

The foimer explanation may, on the face of it, seem the simpler. 
But there is a large mass of evidence which points to the second 
explanation being the correct one. The leasons may be stated 
briefly. 

ilr. West has made a careful study of the optical properties 
of all the phenocrysts. As regards the olivines, it is cleac that the 
composition of the crj'stals is closely related to the composition of 
the rock in which they oeour. In the ultra-basic rocks the olivines 
are hi^y magnesian, that is, rich in forsterite and poor in fayalitc. 
But in tike ‘ normal ’ type of Deccan trap basalt, as determined in 
rocks fiom various ])arts of India including Kathiawar, the olivines 
are much more ferruginous. Ab resnirds -^he pvroxene, it is well 
known that in the plateau basalts this mineial falls within the limits 
of composition ot enstatite-ausrite or pigeorHe, a variety poor in 
lime and with a low optic ax^'al angle. But in the ultra-basic locks 
that are being considered ihe pyioxene it^ one of high optic axial 
angle, and quite distinct from cn^tatite-augite. Finally, as legards 
the felspar phenocrysts of group 2, inste«^d of Iheir being labradorite, 
which occurs exclusively in the usual Detcan trap basalt, they corre- 
spond to bytownite and anortMte in composition, a variety never 
found ill the * normal ’ basalt. Hence it is clear that these ultra- 
basic rocks cannot have been foimed by the sinking of crystals in 
liquid basalt, followed soon after by extrusion. It is true that the 
comiKisition of the crystals miaht change during sinking, but any 
change that took place would be in the direction of the olivines 
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becoming more ierrugiiious, tlio pyroxcncrf probably more bnTu- 
giiious, and tlie lelspdjs mure budic, iu uccoidance wiliLi ilio laboratory 
deLermmatiou oi cne com*se oi or} i>tallibatiou of fcliobe mmerals, 
JJut iMi obuam the rock typos imdor discussion the^roveme would liavt^ 
to lake place. The met chat tko composition of the pheiiocrysts 
is bo closely related to tlie oulk composition oi tko rock in wkicii 
tkey occur laakob it clear that these iJtra-babic rocks must have 
crybtalli&ea irom meits oi their own composition. And so one is 
Oiiven to the conclusion timt there must have been available idUu- 
basic rock or magma m association with the predominating l)asalt 
long prior to the great outbreak oi igneous activity which occurred 
at the end of the Cretaceous. 

The importance of Mr. West’s observations on those Kathiawar 
lavas will oe manifest to all those who arc familiar with the views 
of the modern school led by liowen^ in accordance with which the 
formation of ultra-basic rocks is attributed to the settling of early- 
formed ciy'stals. I have myself arrived at conclusions similar to 
those oi Bowen in my study of the suite of ‘ normal ’ basalts of 
Bhusawal. In certain of the Hows of Bhusawal phenocrysts of 
both olivine and labradorite have sunk towards the bases of the 
hows smee their extravasation. Krom this 1 deduced that such a 
proco:,;^ operatmg Incra-teliuiicaily ^^ithm a poiphjTitic magma prior 
to eruption mi^ht ieu.u to the iorniiiuou ol such ultra-basic rocks as 
pcriaotite and tructoxibe ; and atteutioii was drawm to the chromi- 
iorous peridotite iaccolitcto of Baluchibtau as possible examples of 
peridotites oi Deccan trap ago formed in this manner.^ Jdx. West 
has not j'cb examined the olivines of the Baluchistan poridotites ; 
this he proposes to do and it will be of great interest to see whether 
they prove to have the optical properties proper to olivine crystals 
that have sunk irom a basalt magma of the ' normal ’ type as oxem- 
plihed uy the Bhusawal lavas, or other ox^tical pioperties such as 
those pertaining to the olivines of the ultra-baedc lavas of Kathiawar. 

20. All petrologists are familiar with the views held by Pro- 
les ors Daly and iShand that the nopholine-bearing rooks have been 
OrUiu of uephcHue- ^rmed by the interaction of either basaltic 
tcanug rocks; MogoK, or giauitio magma with limestone. Daly has 
recognised that this process involves the 

^ ' Tiio J^volaiioii of tho Ignoous Hooks p. iOC, {ld2S}* 

* iitio* OnoL ImLt iiVilL, pp. 'Ml, iCS, (1925)* 
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accompanying formation of lime-silicates anrl lie supposes that those 
relatively heavy minerals sink to the bottom oi the magma reservoir. 
This is an ingenious way of avoiding explaining the absence of com- 
plementary calc-silioate-rockb in yssociation Avith ncpheline-syenites. 
In spite of this explanation this absence of calc-silicate -rocks has 
proved a fundamental stumbling Ijlock to the present w liter. In 
the Archaean terrain of the Centol Provinces, where there is an 
abundance of marble both calcitic and dolomitic, no ncphelino- 
bearing rocks have been found in opite of the presence of abundant 
intrusive granite. On the ocher hand calc-silicate-xocks (diopsidites) 
are abundant. It is impossible, therefore, for students of the Ai- 
chsean terrain of the Central Provinces to avoid being sceptical 
concerning the validity of the hj^othesis that ascribes the origin 
of the nepheliue-bearing rocks to the absorption of limestone by 
igneous magmas. 

The account recently given by Dr. Tilley^ of the production at 
fecawt Hill, Co. Antrim, Ireland, of basic alkali-rock> containing 
nepheline and melilite, by the assimiiation of chalk by basaltic 
magma, has been welcomed by Shand^ as ailording support to the 
assimilation hj’pothesis, especially as a complementary lime-augito 
is also present. Prof. Shand s heart will be further gladdened by the 
discov^, described on pages 91 and 96 of this Report, by Mr. A, K. 
Banerji in the Ruby Mines tract of Burma of a nepheline-bearing 
rock, contaming also the complementary diopside, formed at the 
contact of a 6 to 8-foot vein of felspar-rock, mostly ulbite, with the 
Archaean marble into which it is intruded. ^!ls at Scawt Hill the 
complementary lime-silicaie Ims not been removed fiom the scene 
of the reaction and this occmrence also seems to illu&ti‘<ite the same 
pomt as the Sca^^t Hill occurrence, namely ‘ the rebtrieced poten- 
tiality of igneous magma to geuerate alkali typeo by assmiilation ' 
"What happens if the intrusive is an acid quartz-bearing rock with a 
potash-felspar is exemplilied by another occurrence described by 
Mr, Banerji in which a granite-pegmatite vein several feet thick in 
contact with limestone produces a contact zone less than a foot 
thick comj>osed of scapoiite, diopside, felspar, and calcite. Similar 
cases are common in the Ohldndwara district of the Central Provinces. 

* ilinualoyical JIagauhe, XXIl, pp, 430-407, (1931). 

Mag., LX\ JULI, p. 2SS, (1931). 

* C. E. Tilley, lac, c*V., p. 467. 
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PALAEONTOLOGY. 

21. 3Ir. D. N. Wadia continued to fill the post of Palaeonto- 
logist up to the 25th xMarch, 1931. Sir. U. Hobson held charge 
from the 26th March to the 3Uth Heptember, when he was relieved 
by Mr. D. N. Wadia. Field-Collector N. K. N. Aiyengar assisted 
the Palaeontologist with routine museum work and with the deter- 
mination of specimens during the year. Museum-Assistant K. P. 
Ilaran continued the woik of cleaning and replacing labels in the 
large Elipstein Collection stored in the Invertebrate Fossil Gallery. 
Musetnn-xCssistant M. S. A’^enkatram was engaged in routine work 
connected with Palaeontology. 

22. During 1931 the follotving memoirs have been published in 
the Palceontologia Indica : — 

(1) L. F. Spath : * Revision of the Jurassic Cephalopod Fauna 

of Kaohh’. Parts IV and V of Memoir No. 2, Vol. IX 
of the New Series. 

(2) B. SaJmi: ‘Revisions of Indian Fossil Plants: Coniterales 

(b. Petrifactions).’ Part II of VoL XI of the New 

S^es. 

(3) F. R. Cowper Reed : ‘ New Fossils from the Produetus 

Limestones of the Salt Range, with notes on other 
species.' A’ol. XAMI of the New Series. 

^4) F. E. Cowper lleud ; ‘ Upper Caiboniferous Fossils from 
xlfghanistan.’ A'ol. XIX of the New Series. 

Ihe following pajiers of palseontological interest have appeared 
in the Records : — 

(1) ' Notes on some Jurassic Fossils from the Northern Shan 

States,’ by F. II. Cowper Reed. (Vol. LXV, pt. 1). 

(2) ‘Note on a specimen of the genus Maclurites from the 

Ordovician of Burma,’ by F. R. Cowpesr Reed. (Vol. 
LXA’, pt. 3). 

(3) ‘ Supplementary Note on Revisions of Indian Fossil Plants, 

Part II Coniferales (b. Petrifactions), 1931,’ by B. Sahni. 
(VoL LXV, pt. 3). 

The following papers of palseontological interest are m the Press, 
and are ejected to be published in 1932 in the Pdtmmtohgia 
Jndica : — 

(1) 6. B. Pilgrim ; The Fossil CamivQra of India.* VoL 
XVIII of the New Series. 



i kccoids oj the (jpologieul #/ Imba. [ Vol, LXV 1 

(2) U, Cowi)cr llocd : ' New Ifodtiilri fi'om llic' Aygloineivitii'' 
Slate Series ol Kubhiuk/ \'ol. XX of tli<‘ i\e\v Series. 

(3) B. Salmi : ' Utmujcyloe^ ixtjtnahaluibc, gen. el sp. nov'., a 

fossil angiosp ?mioiis wood, devoid of veost^ls, from tli(‘ 
Eajnialial Hills, Beliar/ Aiemoir No. 2, Vol. XX of tlic 
New Seiics. 

(4) B. Salmi : ‘ Petrified Williunisoina {W ilUaiHsutua bcwntdh, 

&p. liov.) from the Hajmalial Hills.’’ Alenioir No. 3, 
^ ol. XX ot the Ne\v Series. 

(5) Von iluene and C. X. ilallcj : ‘ The Cretaceous Sauri- 

bcliia and Ornithibchia of the Central Pro\inces of India.’ 

23. The plates required loi *\Ir. A. T. Hopwood’s memoir on 
lossil Indian Proboseidoa are nearly completed, and the memoir 

Vertebrates- itself is approaching completion. 

In order to decide the qucbtion whether the interesting ossiferous 
conglomerate of Piram Island (Gulf of Cambay) is of the Middle 
or Upper Siw’alik age Kao Bahadur M. \’mayak Kao, assisted by 
Mr. P. N. Muherjee, v.uo deputed to collect evidence, if any. 
Owing to the very Iragmentary nature of the fossils obtained, no 
fresh light has been thrown on this question. 

24. Ihe types of the fossils described in the paper “Upper 
Triassic Fossils from the Burmo-fcJiameso Frontier’^ by J. W. 

, , ^ , Gregory, J. Weir and F. Trauth have been 

returned to the Department 

The types ol fossils described in Pal. Ind. Ser. XV, Vol. 4, 
Fasc. 6, “ Additional Notes on the Fauna of the Spiti Shales ’ by 
Miss Paula Steiger, luive also been returned. 

The duplicate as ’veil as the field ooUeotiuns of fossils in the 
Invertebrate Gallery are being rearranged in a moie systematic 
order so as to be more useful for ready leference and compmison. 

The cleaning and relabelling of the large Klipstein Collection 
has progressed considerably during the year and it is hoped that 
this will be completed before March 1932. 

Our collection ol type fossils, now numbering 16315, is being 
carefully checked and an improved method of storage is being intro- 
duced. 

Important additions to our knowledge of the Palteozoic faunas 
of the Federated Shan States have been made duriog the year under 


^ Bee* Geol, JSurv, Jnd^ LXilJ, pt. 1, (1030). 
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j’ovicw. In the la&l Gcueral Report ^ reference is made io t.lio deter- 
iiiiiuilion by Dr. (Jowjjor liced of the a;^e of the Iead-l)etiriiiif 
rocks of Bawzaing (20^ 37' : 9()“ *19') as Ordovician. The fossiL 
then known from the locality included; — 

OHhis afi. iestudimria. 

Lophospira sp. 

Cydocems or Spliyradocems sp. 

Further collections, which have now l>eoii dotermiueJ l>y the 
same authority, enable the list to l>e extended as foilow^s : — 

Orthia [Dubmii^la) emancipala, nov. 

Orihis cf. testudimriai Dahn. var. sIiaNcnsis^ lieecL 
Orihis cf. {Marmuilla) typa. Bauer, 

Loplmpira cf. ba)\Mmeme^ Kob, 

Lophoapira cf. elevala^ Ulr. and dcol. 

Helicotoma cf. tamaraK Kob. 

Helicotoma sp. 

CyrtolUes aff. }wdosu8, Balt. 

Hyolitliesf sp. 

Oydooeras sp. 

Ogygites cf. yunnanensis, Reed. 

Plioimra sp. 

As most of these species have not been diocovered in Binma 
before they indicate a new tainia ot the Ordovician and suggest by 
their ahinities the Upper Ordovician. 

Determinations of fossils from the Yo-o-sin locality (20’ 61' : 
42') have enabled Dr. Oowpor Reed to state that these beds may 
probably bo correlated with the Lower Naungkangyi, as several of 
the species seem identical The list is as follows:— 

Orthis irravadica, Reed. 

Orthis {Nkoldla?) prcBtor, Reed. 

Orthis of. laurentina, Billings I 
Orthis (Dinorthis) cf. porcata McCoy. 

OrUiis {Scenidiella,) consigtuOa subgen. et sp. nov. 
Ptychoglyptus sha^iemis, sp. nov. 

Leptelhidea yeo$iiie*isis, sp. nov. 

Sowerbydla? aff. yomigiam (Dav.). 
iiowerbyella ? of. ledetetisis (Reed). 

Peirorict of. ruffosa, Wilson ? 


ijBeo.aeoi.£hinhInd^I^^ 
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Parastropliki cf. Iiemij^Ucata (Hall). 

PrutfjO inn/ a ct iliichk Basj»lei*. 

Bliiaidictya cL nilulula (BilUugs). 

ButObtOnfa ? &p. 

Caryocrimis ci. Inrhi. Batlier. 

Caryoctinu:i sp. a. 

Caryoor 'tnas sp. b. 

Criuoul tern joiuts 

PnnnlHt sp. 

The Orthocoras Limestone of Tethun has so far only yielded 
such poor and doubtful speeimens that Dr. Oowper Reed hesitates 
to bugge^t its age, though iC Emheeras sp. really occurs, as may 
be the case, au equivalent of the Trenton is probably present in 
thi^ part of ihiwson. 

From the Purple Slates of Panghka%vlavo (20° 55' : 97° 38'), 
which underlie the Grapfcolite beds of the same locality, Dr. Cowper 
Reed has identihed the following; — 

Pliomera (Euctinurella) insangams Reed. 

Caryocrimis? sp. 

Hyolitkes? sp. 

These point to the Upper Naungkangyi. 

From a well-marked horizon that oveilies the Pindaya beds 
on the west (Sheet 93 D;9), Mr. SoncThi collected large numbers 
of graptolites, some of which have been examined by Miss Elies 
and provisionally determined as ; — 

Monogrujjtus cyphiv. 

Oiihoyraptas cesicidoBua. 

ClihiacL yni ptus nieJi 

At Panghlcawkvo, near Loilem, Dr. Coggin Blown found an- 
other richly fossilifeious graptohte horizon containing Monogmptus 
scilgicieki (or jtrioJon), but according to Miss EUos two horizons or 
zones are 3‘cpro&ented amongst the specimens from Panghkawkwo. 
Thus, as Dr. Oowper Reed points out, it would appear that there 
exist in these localities the same giaptolitic horizons as at Pinghsai 
and Ugaitao in the Noithcrn Shan States as previously identified 
by Miss Elles.^ But the specimens collected by Mr. Soudhi are 
undoubtedly Lower Valentian. 

^Beed: ‘Suppl ]Uein. Ordov. Silur. Foss., N. Shan iStdtes', Pal, lud., N, 
ToUVI^Mem.3ro.l,pp. 69-71, (1916). 
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Other Silurian localities include a Led near bridge 378 on the 
Heho-Xamnoi railwa}' bcotiou. where Oilkib‘ {Dahuunella) dcgmuukf 
Dalm. and Proteus sp. occur, and purple shales near Loileni 
containing the coral Pah ocgdiis sp. The former of these two 
may Lc Llandovery or Wcnlock (Namhbim Bedb). 

From a series of thinly bedded limestones and shales among'^t 
the dolomites of the Plaueaii Limestone at Xa Hk}’’am (97^ 4'j . 
23^^ 17'), Dr. M. R. Sahni obtained a fauna showing characters 
totally distinct from any previously discovered in this formation. 
The fossils he has identified are as follows : — 

Xenaspis cenhonaria, Waag. 

Nanniles cl. hindostanus, Dien. 

Na^utUes sp. 

Amuionites sp. 

Xaticopsis (3 species). 

Naticopm cf. ihuretms. 

Platyceras sp, 

Neritoniopsis sp. 

Holopella cf. trimorpM, Waag. 

Murchisonia sp. 

Trochus sp. 

Pleurotoma) ia sp, 

tScJiizodus sp. 

The association of ammonites and gastropods in this fauna is 
unique. Xenaspis carhomi ki Waag. is a Productus Limestone form, 
Holopella tnmorplia comes from the same beds. On the other 
hand the genus has never been previously recorded from rocks 
older than the Lower Trias. 

With the exception of a few specimens foimd in the Red Beds 
at Kalaw this locality has yielded the first ammonite genera dis- 
covered in Burma. Another noteworthy i)oint is the complete 
absence of brachiopods, which constitute the dominant element 
in the Plateau Limestone faunas hitherto discovered. 

In rocks of the pre-Devonian slate series of Hundwara and the 
Lolao valley of Kashmir, suspected by Biou to be of older Pakeo-* 
zoic age, Mr. D. X. Waclia has discovered at three or four localities 
a fauna of trilobitos and primitive brachiopods that indicates 
a probable Cambrian or Cambro-Ordovician age. The fossils 
that have been provisionally identified are: Hydliihes, Agiiostus^ 
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(Jonocoi yplic^ 'i Vataduxidcs^ aud acvoral Oluiii triiobifcob, t(.>gciilici 
witk Liiiyukila, Obolud, and aomo buaiy protjcrvcd bracluopncb, with 
black clutiiuouo or coi’iiooub bltolk, and tJUggoscing ULSi^tiiokpui, The 
aluDy matrix ol the Icwsbiia hab undergone an imporiect cleavage 
obliij^ue to the lamination, a circmnstance that has in a good 
many casob destroyed the tossil structures. 

jUr. E, L. br. Clegg, during a period of study leave in Vicima, 
took up the examination of Tertiary echinoids collected by ollicers 
oi the JDepartnieut in Persia, This collection had previously been 
tentatively exaimned by i)r. Pilgrim and the generalisations drawn 
Irom that exaininution w'ore eonlirmed. The specimens from the 
Pars series mciude many oi the species described by Duncan and 
iSladen h'om »Snid and Jxaehh and the Mekrau coast, whilst the new 
species discovered show aliuiities either with the same species or 
With recent species still extant ; the older Tertiary specimens show 
aliiiiities with those from the older Tertiary rocks of Egypt and the 
Cretaceous forms with forms of a similar ago from western Europe, 
In ah, about new species or varieties have been described oy 
Mr. Clegg and it is hoped that these descriptions will later be pub- 
lished. 

Dx. Othmar Kuhn of the Natural History Museum, Vienna, 
examined the iiudistes from the same collection and the results 
oi his examination are published in this part of the Eecorda. 

A. large coileotion oi fossil invertebrates, mostly lameliibranchs 
and gastropods irom the post-Eocene beds of C^uilon, Travancore 
iState, was despatched to Air. A. K. Dey in London for study, 

A iauiy representative assemblage of Gondwana and Terciary 
woods of india and Burma was sent to Air. Jd. C'rookshank for study 
iu England. 

in connection with the correlation of the Jurassic ammonites 
oi Kachh, tw^o consignments of ammonites recently obtained from 
the Jurabsies oi diiferent parts oi India and Baluchistan were des- 
patched to Dx. L. P. iSpath ot the British Museum, London, for 
examination and comparative study. 

iieterence w^as made in the General Eeport for 1927 {Recot’da, 
LXi, p. 21) to certain obscure fossils from the Vindhyans of Nee- 
much, and to the division of paheontologioal opinion, so that on 
one hand they were regarded as brachiopods related to the Cam- 
brian AcroUide^ and on the other as possibly plant remams. A 
few speeimens sohmit&ed for opinion to Dr« P. Chapman^ Pahson- 
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tologist, National Museum, ’Melbourne, are resarderl br him as 
sufficiently ^vell defined fo jnsti'l^ definite do&CTiution. Piofessor 
Chapman has aecordinsjly fiornred and described this fossil as Neo- 
bohfs sp. nov., and sutififests comparison with Ncobohn 

vnfthi, Waagen, from the Cambrian of the Salt Ejucre. An addi- 
tional supply of specimens has been sent to Professor Chapman for 
study. 

Dr. C. S. Fox, during his visit to the Caro Hills, Assam, last 
j^ear, collected ym)}tnulites from two new localities, one at Upper 
Siju and the other in the Simsansf vallev. These fos-^ils have been 
despatched to Lt.-Col. L. M. Davies for his opinion as to their age. 

The following fossils were sent on loan for studv: — 

The tyiDe specimen Suvetfa v(^hmna. Oott. to Mr. L. R. Cox 
of the British Mnseum (Natural Histon’'), London : 

Six duplicate specimens of O/afJinph/llum mvlthoiminm, Reed, 
to Dr. H. D. Thonoas of the British Museum (Natural History), 
London. 

The help of our Museum was requested by the Victoria Museum, 
Karachi, for identification and naming of a large collection of fossils 
and recent molluscan shells. The fossils included several sub- 
divisions of the animal and plant kingdoms. The examiiration 
of the recent shells, which consisted mainly of gastropods and lame- 
llibra chs was khidlv underakei bv the Zo locrical Survey of 
India. The fos»>ils tud the recent shells wrere all returned to the 
Karaclu Muse^un after such determinations of the specimens as were 
possible. 

Facilities were given by this Department to Messrs. L. Rama 
Rao, Assistant Professor of Geology, Mysore University, and T. 
N. Muthuswamy, Lecturer, College of Engineering, M.%dras Univer- 
sity, to work out their collections of fossils in the Museum. 

25. A few of the fossil phints collected by Mr. N. K. N. Aiyengar 
in the Eew’a Gondwana basin near Chicharia have now been examin- 
Plants ^ A. 0. Seward. He finds that the 

specimens are lai^ely varieties of Thtnnfeldia 
and that one at least is a new species, which he has called Thinnfeldia 
mhm after Prof. Sahni. Prof. Seward has further expressed his 
agreement with the view previously put forward by Prof. Sahni 
that Bamuopsh hiiphesi, Feist., is a gigantic Thinttfiddin and he 
thinks the name ThhinfeWa may now be applied to (it. In 
considering those plants Prof. Seward was led to believe that the 
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spocimen^ came trom Parsora. Iii fact they wore collected six miles 
noii-li of Paisora from the '^’illage Chicharia, the fossil hc-rizons 
of the above two idaces ])eing regarded by Dr. Fox as different. 
The complete collection of Chicharia plants is, therefore, being sent 
to Professor jSeward in the ho]>e that they may throw light upon the 
relationship of the Chicharia and Parsora beds to each other. It 
may be mentioned here that Lower Gondwana fossils like Schi- 
zoneuia and 01o6soj»t( us, which occur in the Pali beds at Daigaon, 
also in Rewjh, have not so far })ecn foiuid associated tvith the 
fo^s^ls of the a]»ove two localities. 

At tbe request of Prof. T. G. Ilalle, Xaturhistoriska Riksmu- 
soum, Palceol^otoiiiska Avdelii, Stockholm, the t}"pe of the jdant 
fossil Ottolana hengulcn^L. Zeiller, was sent to him in order to 
emible him to determine by liis new method of investigation whether 
its fructili^atioji is really seed-bearing or is uistcad microspore- 
bearing. He is of the opiiiioji that the preservation of the Indian 
specimen proved to l^e unsuitable for microscopical examination, 
and he did not find any spores. 

Some carbonaceous shales vith one or tvo imperfect impressions 
of plant remains were sent by the Superintendent, Mineral Survey, 
Jammu and Kashmir, to this Department for the determination 
of the age oi the coal with which they were associated. The speci- 
mens were too fragmejnary for i^recise deteimination. Ibwcver 
the impressions appear to be those of dicotyledonous plants and 
suggest a Tertiarj’’ age ; pending better evidence a Lower Tertiary 
age might be as^gned to the coal bods. 

^Miile on study-leave at Cambridge in June, 1931, Mi\ E. R. 
Gee examined a numlier of carbonised j)lant fragments which he 
had obtained from a band of red clay-shale intercalated within 
the mashivo rock-salt of the salt mine at Jatta (33° 20'. 71° 17'), 
Kohat tlibtriot, North- West Fiontier Province. Many of these frag- 
ments exhibited a definite cellular structure, the xyloid vessels 
(with numerous, minute, simple pits arranged in spirals) being 
definitely comparable to those met with only in the wood of certain 
Angiosperms. This opinion was corroborated by Prof. A. C. Seward 
and Dr. T. M. Harris. Such e'vddence indicates that the age of the 
Salt Marl deposits of the Kohat district is not older than late Meso- 
zoic. Bearing in mind the age of the massiye gypsum zone which 
overlies the Salt Marl, and which has been proved— palseontologically-— 
to be of Lower Tertiary age, Mr. Gee— in conjunotion with A, B. 



Pabt 1.] 


Gcpe^vl ICtj^oitfcr 19ol. 


31 


Aryniie, Sir Edwin Pascoe, D. X. Wadia and L. M. Davies— i«< 
of the opinion that the Salt oi tl^ Kohat district represents 
a phas^ of sedimen cation hi early Tertiary times. 

26. In robponse to Otr re<j^iie&t, Lt.-Col. L. Davies has veiy 
l:indly presented to this de])ditn;ent the t;i)os and some dnplicabe 
fossils tioro the Saniwina Range desrrihed by 
Donations. hinjsell, Ethel D. Currie, flelen if. lIiui‘-Wood. 

L. R. Coy. L. F. Spath and J. V. Gregory in the ilemoir “ Tlie 
Fossil F<aiiici of the Sainaiia Range and some Xeighliouring Areas ' 
(Pah Ihil , Xew her,, Vol. XV, Paits I-VIII). 

During the year laider ie\iew presentations of fossil specimens 
weie made to the follo\\ing institutions: — 

Rojhtl Srlfool of Kuibington, London. — fairly 

numeious eolI<‘etion oi invextebrate fossils from the Gaj, 
Nari and Khiithar otages fioiij Xorth-V\*iiTiern India, 
through Plot, ilorley Davies. (In exchange.) 

Preifbbische Geologi^rhe Landt^an^talt, Berlin.- A collection of 
Gondwana plant fossils horn the duplicate collection 
through Prof. W. Gothan. (In exchange.) 

Patm College, Patna.- A collection ot 101 invertebrate and 
plant fossils i (‘presenting vaiious sab-divisionn of the 
aninul and pLa.t kii^-gdoms noni \aiious paitb of lnJic« 
and EuiiUti. 

Biological Lahondoitj. Sf. John^s LolJege, Agnt. — ^A collection 
of 31 representative fossil vcriebrate& from the Tertiar}" 
beds of India. Bui*nia and Bali.chisran. 

Depmttnent of Zoologij, Preddth^g CoV*gt, Madras. — ^A fairly 
representative collection oi fossils, both vertebrates and 
invertebrates, from various horizons of India and Burma. 

In addition to those previously mentioned, donations of fossils 
or of casts of fossils were received either by ixresentation or by 
exchange from the following institutions : — 

British Museum {Natural History), Geological Department — Six 
specimens of vertebrate fossil casts of Samotherium bois- 
sieri, Major (one cranium and mandible), Paraceratherium 
bxigtiense, Cooper (one cranium and mandible), Lutra 
cf. sivalensis, Lyd. (Pm^), Lutira sivaknsis^ Lyd. (cra- 
nium) and Canis caufleyt, Bose (left mandibular ramus). 
(By exchange through Mr. A. T. Eopwood.) 
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Pmfssi^che Geoloni^chc Lande^anstalU Berlin,-- 20 f»})OoimoTiB of 
fossil plants from the German eOiilfieLls. (r>\^ evohnn»o 
through Prof. W. Gothan ) 

Perth , — About 30 Permo-Carboniferons fosbils fiom Western 
Australia. (By exchange through Mr. E. D. 0. Clarke.) 

Peabody Museum of Xaturol IHstory, Yale TJnlmsify, Neu^ 
Yoh'h , — 23 fossil vertebrates and 7 easts of Eoceiie inain- 
malia. (By exchange through Prof. 0. Scbucheit.) 

STRATIGRAPHY, 

27. One of the reasons t]»at rendered it necessary to undertake 
a resurvey of the Salt Range was the vexed question of the age of 
the Salt Marl. Much light has now bi‘on 

dwcovpry l)v 

hlr. E. R. Gee of the following foraminif<*Ta 
in siUf in the Marl, the identifications being due to Lt.-Col. L. M. 
Davies : Diciyoconoides ronditi, D. hw miy D. newholdi var.. Ride* 
Tolifes misrelhy Nvhumlites cf. mamiUa, The first four of these 
species are characteristic of the Eanikot stage. The age thus 
indicated for the Salt Marl agrees very well with that assigned on 
paloBontological grounds to the salt of Bahadur Khel in Kohnt 
district by L. M. Davies and D. N. Wadia.^ 

It wiU be recalled that A. B. Wynne and others regai'ded the 
Salt Marl as older than the Cambrian Neobolus beds, which overlie 
it (the Purple Sandstone intervening) at Elhewn. Sir E. H. Pascoe, 
following up the views of E. Koken, F. Noetling, and Sir T. H. Holland 
has, however, advocated the view that the Salt Marl is Tertiary, 
regarding its position under the Purple Sandstone and Xeobolus 
beds as abnormal. Dr. G. de P. Cotter® in his Prebkhnlial Address 
to the Geolog>^ Section of the 18th Indian Science Congress, loviowed 
the evidence for both views, and summed up somewhat in favour 
of a pre-Cambrian age. In a foot-note (p. 300) written after ho 
had examined the Khewra occurrence of nummulites discovered 
by Mr. Gee, and had decided that they were in, situ, he favoured 
an early Tertiary age for the Marl, or, if the nummulites wore derived, 
an age later than early Tertiary. He also suggested an intrusive 
origin for the Salt Marl. Mr. Middlemiss® many years ago referred! 

' ‘Frans, Min, and GkoL Inal, Ind,, XXIV, p. 202, (1029). 

• IVw. EigUeerAh Ind, EH, Oongr, ( tnat, mr, Btng,), pp. 297-3i)0, (lOiJI h 
» /fee, aefi, Eum, Tnd,, XXIV, pp. 40-1^ (1891 ). 
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TliP ticmors of tliube bLookb, tliougli clearly felt in Quetta, wore not 
responbible for mucli damage tliei\‘. At Ziarat, towevor, a good 
deal of rlamuge iu tlie way of eruoks m ]>ui]dings was caused by ilio 
sliocks of the 2oth. these shocks and that of the 27th being felt 
about e<iuall 3 ^ severely at this place. 

The main dm^tion ol movement of the shocks of the 25th se<‘ms 
to have been about S.W. — ^X.E. 

30. The epicentre of the main shock, which occurred on August 
the 27th, must hav<‘ been near llaoh on the Bolan section of the 
y. ^\^ Railway. This shock wihs felt over a 
BaluchiBtau and Sind. But 
se^'ero damage was mostly confined to within 
a short (listauce of llach and to a certain extent to the alluvial 
tract that bord<TS the hills to the south-west of Sibi. In new Mach 
and ol<l ilach nearly all the buildings were damaged to some extent ; 
while many biiiblings, built of sunbaked mud bric.ks or stone with 
mud mortar, were completely niinetl, such as the two Rest Houses 
and the villagt^ at old Mach, and the bazaar and some of the railway 
quarters at new Mach. At the hitter place, the new jail, completed 
only eighteen months before, was considerably damaged. The north 
wall, built of ordinary concrete, was thrown down to the south, 
and the south wall was badly cracked. Of the interior radial walls, 
those that were aligned in a S.W. — ^N.E. direction tended to be 
overthrown to the south-east. The cells, built of ‘pucca’ brick 
and mortar, were only slightly damaged. The power house was 
undamaged. 

This shock of August the 27th seems to have lasted quite a minute 
and a half near the epicentre. It was just perceptible at Lahore, 
and rather mort^ strongly felt at Karachi. At Quetta it was this 
shock that vras responsible for most of the damage sustained there, 
consisting in the main of cracks in buililings, the partial fall of poorly 
made walls, and the overturning of a number of chimney pots. 
Some villages in the alluvial tract to the south west of Sibi were 
badly damaged, more especially Dadhar (built on an artificial mound), 
Mushkaf, Sanni and Shoran ; and it was in these places that the 
majority of deaths occurred, through mud buildmgs collapsing on 
to the narrow aHeys. In all, sometiiing like a hundred lives were 
lost. Another feature of the earthquake was the increase in the 
water supply around both Quetta and Ziarat. In the XJrak valley, 
E,N Ji* of Quetta, it increased 30 per cent., while the flow of water in 
the Jmezea also increased. 
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During the eartliqiiakti of August the 27th there is little doubt 
that the direction of movement changed. At the aturt the move- 
ment beemb to hnv<* bt‘en in a X. and S. direction. But it quickly 
ehaiiged loan E. — W. oi h:.E — X.V. direction. lemJiiing thus thiougli- 
fmt the iTT* titer part of th^ shock. It v^as in a y.E. direction that 
most objects lill. This change hi diii<*tion was j>eiha[)S responsible 
for the rof.^tion ot one or two objects on their supivirts in a clock- 
wise dilection. Iii oeneial the builflings that suilVred most 
damage ^sere those that were least homogeneous in stiuctuie, 
such ab the lailtvav ^tation.s bmlt oi si one blocla> with only mud 
moitar ii l.etve^n. Brick baildingh made v>f * pueca ' liricks with 
good mortal wen much lebs alb^ted ; but such buildings arc rather 
scarce in this j.uit of India , whei<‘ the sniall rainfall renders unbaked 
mud ouflicient for mo>t purposes. 

In e&tin.aTina the intensity of this earthquake of the 27th, data 
regardmg the damage to b Jldiitijb an a little inisleafling, owing to the 
poor manner in which the majority of buildings in this part of India 
aie built. TTnis, although at Ihu'h nearly t*very liuilding was 
damaged, the larg<* power-house built of good lirick and mortar, 
was quite undamageil ; while the brick houses inside the prison were 
many of them undamaged. It is therefore doubtful if this earth- 
quake can be said to have reached an intensity of IX on the Rossi- 
Forel scale, even at the “jiiccntrc. 

31. As reuards the caust ut the caithqualie. luAil all the bocal in- 
formation has been recebed ami cla^siiied it is not possiMe to point 
to any one particular geological ft*atiue <is being resjionsiliie. It 
may be pointed out, hovrever, that Quetta is situated at a j>osit.ion 
of special complexity in the mountain system of this part of India, 
at the apex of a large re-entrant angb^ in this southwiird-running 
branch of the Tertiary mountains. Between Quetta and Kara<jhi 
the folding movement which has produced the Kirthar anti other 
tanges has actetl in a west to east direction ; to the east of Quetta, 
ill the Zhob-Iiaruui system of mountains, the movement has been 
towards the south and south-west ; in the Bugti Hills the folds are 
ilbplaycd in laxge cur\e facing south ; while in the Sulaiman 
Hills th<^ movement has once more been from w'est to east* It is 
as though in the general sweep eastwards the folds had been held 
up by some obstacle in the Quetta-Sibi area, which has disturbed 
the general north and south alignment of the resulting hills. What- 
ever the cause may have been, the rocks here are likely to be in a 

i>2 
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uiHiiliiiioii of luiutli }^r»‘utit‘r alimiti t.!um olHi'wlK'ro. Ami tlu* 
uiov<‘iiic‘iitiB alon^ fiiullrB iiliriiKl<s, iinmli (Mtciir l'r«mi Uiiu* l<* 

fcinu'j will immif(*Hii t.li«“Hit.(‘lv<*it nt. tlu* surl'an' in iJu- form ol 
qiiaUpB. From wTiat has Ik'ou »«iicl jiltov<‘, it will routlily I*<* umlor- 
Htfiod tluifc tljitt (listiiot vill always ho liahlo to oartlu|Uuko» in 
Hie futiir«» as it b«i Immjii m tlio ]MiBt. 

32. 'llio Pyii eartliqnsiliOB ol Docoinhor 'Ird utui Itli, IIKIO, wliiolt 
UK' inontioued iu tho last Goi«*tal litqwrfc, form tlio Bnhjcot of a 

Memoir hy T)r. Cofigiii Biown ami Mr. 1*. 
lii^eneraJ* Lcicesl,ei‘, wlilcli is now nearinq <!omiil<>tion. 

TluiSe <'ii.rthquakos wore folhwod hy tlio usual 
swjuw of small aftorslioc-ks wliioli coutinuod in various itlaiioa in 
and alxHit tlie opiwintirul fcraot up to tin* ♦‘ud of tin* y<*ar. 

liocords of mny oarthqnalcos liavo hoou r<HM‘iv<Hl for practic-ally 
evoty inoiitli duriiif' 15(31, tlio morn important of wdiioji may Ih> 
hriofly meiitioneil. On Riaroh 27tli, nliout 9-15 a.ni., ii feehlo ((uake, 
whiuli dibliiirhed Uan^mm was also reporti'd from various ]»la<!<‘H iu 
tlm I’c'^u and Ilantliawaddy distriots. On May Itli, hetwemi 5(-l!> 
and 9-30 ii.in., a sli^Iit shook distnrlx'd jilaces as wide apart as 
Zigou iu Tbamwaddy, and Vepn. On May Hiih a shock strong 
enough to cause sturtlod persons to leave their housi's was fi'lt about 
4-20 ]).in. iu Hiini'ooii. It was nqiorti'd from I’enu, Moulnusiu and 
other places in addition. AnothiT shock, at H-i2 n.m. on May 2lHt, 
caused some alarm in Eangoon. On August Oth to 8th .i series of 
earthquakes took ]»lace iu Amherst, followed on tlu* lOth hy tlie 
Pyinmaiia shook at aliout -l-RO pan., whieli wus fi'lt up and down Oie 
Satttou and Kittang valleys l«>twe<*n Marulalav and Pegu. Mon* 
disturhauce follow<*d iu Amherst on the 12tli, 13th, 1‘lfch and Ihth 
of August, while ou the 19th of the same mouth Mandalay espeii- 
oiiced a slij^it tremor, strong enough to liause mimir enwsking, at 
about 1 n.m. Tlu* September shocks were looat<*d hetwe(*u TourigiM) 
and Pegu, but Tiangoou, Prome, lh*u5Mula, Touugoo and Aiuherst 
were also affected. On November 2lHt at 4-50 p.m, a slight shock 
stopped elooks in Bassein and was notioed at various places in the 
Delta. 

33. At about 2-86 a.m. {B. S. T.) on the 28th January, 1931, a 
very violent earthquake occurred in the Kamoiug sub-division of 

'rae e«i(h* Myitlryina district. The main shook came 

quake ol 28({i Jamiary. without any preliminary warnings, lasted 30 
seconds and is estimated to have attainod an 
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irifcensity of IX on the Rossi-Fon^l A<*cor<linix to Pr. 

(/Iihii>bf*r 5 tho tOTOL of Kamaing jaafc outaido tho opi(H*Jitr{t! 

tract, but all the masoiny l>iiildiiigft iu tlie place w('r<' sev<»rely 
damnfrcd and pagodas were rlestioyed* Jri th<‘ Ijawa Tract, tiom- 
piising the opicjentral area, ovou bamboo and wooden houses, raim^d a 
few feet liom the ground — ^types wJiich olt<‘n <‘H(*ape daniago -wore 
eoTnpk‘t(‘l} wie<*kMl. Landslips -iiul joc]d«dlH wei<» fi(»qiioTit and 
lissuring ol alluvial ground took idiKic. Tlie quake was folt over 
the wh<>I<* ol the Myitlcjdna and the greater [>* 11 * 1 . of thf' K.itha dis- 
tiiet, and was followed by inimerouH aftershocks. 

M, Tli(^ lre<iuen<iy ol earthquakes <luring re<‘ont years m the 
Noitli-Easi (Clun(‘se) frontier of Jhuma suggests that this forms part 
ol an unstable landrnasa. Tli(‘se eartli<niakes 
of^rnirmiff ntaw”aw! ^^**''^* recent years been so fi(‘<iu<‘rit find 
disastrous that the ne<*essity aTos<» ol (‘onsi- 
donng the selection of frcKsh sites for Military Polie<‘ outposts in the 
Iliawgnw Sub-division. This work was undcidakeii by Dr. Chlnbber 
bi‘lw^een the* second half of November, 1925), and the third -week of 
February, Jb^O. Careful enquiries made by liim from flu* loeirl 
intelligent; people and Government officials olicilerl the information 
that at least 2 or 3 and sometimes more distinct earthquakes, bosid(‘s 
plight treraor‘s, oceuiTcd there every year. In De<*(‘inber, 102tS the{u 
oaitliquakos reached devastating intensities nilmiiiutrng in a Mr\ 
severe shock at (t ]),m. on the lOtli of Janiuiry, 15)29, re]»orted to Ir 
the s(wer(‘sl shock <wei lelt in lllawgjiw. All the ston*» masonry 
buildings a I fltawgaw were so badly rlarufiged tliat they were 
(*onsid<*red no longer fit for hiinran hfibitirtion. This shook was 
rej)orl<'d by the Ihqriiiy OornnuHskurers of Bharno and Kaiha as 
i(‘lt in tluni rlisWcts also, and nt least as far ns Tong Yflch in 
Yunnan. Tfrom the natiini of the damrige done to the buildings, 
raised almost on solid roi*k, Di*. Ohhibber concludes that the intensity 
of tin* shock, on the Ropsi-Foiel scale, must hnv<3 been TX. A 
still more severe shock occurred on the 41h of June, 15)29, and much 
damage was flone by this ; other shocks wore felt at intervals during 
.Tune, July, August, September, and October, 1929, 

Puring tin* period of Iris visit Pr. Ghhibbor collected data of 
fuwornl hundreds of shocks, including thoir apparent direction, in- 
tensity, duration and their eff^ts at the places virited by him 
The nature of the damage done by these earthquakes to buildings at 
TTtawgaw, and the position and dioction of the cracks, were caTcfuHy 
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8tudio(l by Dr. Uhliibboi* iu the buildhigs that woro still standi u*? aii 
the time of his visit, lie travcrs(‘d (h<* whole <»f lht‘ area between 
Myitkjdna and ir])iinaw (2tr d' ; 38^ i)H ) <ind thetuMi to th(* K(aiKluul- 
ingPa8a(25^ 19': 98‘^ 4:0'). From lltawf^aw he ituule a hurried del our 
to the La^wi Pass (25*^ 49' : OS'’ 31'). The exact extent of this 
seismic belt is difficult to deliucato sin(*e no careful records of the 
shocks were kept in the past. Ilowevt^r, they api)ear io be felt 
throughout the Myitkyina district, as a rule, and wlien particMilarly 
severe are even cx]>erienccd in tJie adjoining districts of iilnimo, 
Katha and the Upper Chindwin and at least as far oast as Teng Yiieli 
in Yunnan. The Chinese Ttdograph Mustt‘r at Teng Yiich wrote in 
December, 1929, that ‘ earthquakes arc felt hens on<i or two times 
every day since October, 1928,’ The plains of Wausawng 
(26'' 22' 30'^ : 97® 35' 30") seem largdy to absorb the intensity of tlicse 
shocks before tlicy reach Myitkyina itself. 

While Dr. (Jhhibber was at TUawgaw another very st'vere shock 
occurred on the 16th Dcc<.‘mb<'r, 1929, at 2-30 a.m., with an intensity 
of IX on the llossi-Forel scale. Anotlier severe one was felt again 
on the same date at 9 a.m. As a eonsequonco of these, cracks 
developed in various places and landslips and rockfalls occurred on 
the Htfiwgaw — ^Hkam llkam road, whicli was blocked iu several 
phwios as a result. The earthquakes continued all the time Dr. 
Ohliibbcr was there and jire still occurring, according to th<i monthly 
reports received from the various Government officials of the ariia. 
The absence of any instrumental record of thes<* oarth<iuakes nf. 
Rangoon or elsewhere in Burma is greatly to l)«‘ regnitted. Tin* 
earthquakes are gonocally preceded by earth sounds which have hmi 
compared to ' thundering of clouds,’ ‘ boinbardmont of lieavy guns/ 
‘rattling of trains,’ etc. 

35. With regard to the causes of Ihe earthqujikos, Dr. Ohhibbt»r 
thinks that the junction between the granite and volcanic tuffs near 
the Lagwi Pass is faulted, and in his opinion it is movements of this 
fault that are responsible for these earthquakes* It is noteworthy 
that on either side of the fault the direction of the earthquakes’ 
sound is reversed. It was noted, while camping near the Lagwi 
Pass, that the sound did not seem to originate every timo from the 
same spot but rather that it appeared to travel, probably indicating 
movement at different places at different times along the fault lino. 
The earthquakes near the Lagwi Pass, along with the brontklos, wore 
fat more frequent and sevoro in intensity than elsewhere, and 
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sometimes they appeared almost incessant. Occasionally while Dr. 
Chhibber was writing notes of one carthqnfikc another one would 
follow, and for the three nights during which he camped near the 
Lagwi Pass he had practically no sleep. The depth of the focus 
appears to be shallow, since their intensity dies away quite abraptly. 

Sometimes independent minor shocks are felt in the Kamaing 
sub-division of the Myitkyina district and these appear to have a 
seismic focus of their own. Some of the formations there are 
faulted, a fact fiudher confinned by the existence of a series of salt 
springs. The same fact also seems to he true of the shocks felt from 
time to time in tlie Wuntho sub-division of tlie Kathu ilistiiet. 


ECONOMIC ENQUIRIES. 

Alum. 

36. A specimen of alum-shale was given to Dr. Cotter by the 
Chief Magistrate to the Nawab of Amb. This specimen is from 
Pandarah, 1 mile S.W. of Amb (34" 18': 
Province!^* *’””***^ 72“ 61'), in the Hazara district, North-West 
Ekontier Province. The geology of this area 

is not known. 


Barytes. 

37. According to Mr. V. P. Sondhi barjdea is of common occur- 
rence in the neighbourhood of Mawsdn (20" 67' : 96" 60'), where 
it is frequently associnti'd with quartz and 
SoKm^'shnn sS’. occasionally found in woll-dcveloped 

veins. An outcrop of barytes was found east 
of Konlean (20“ 48': 96“ 39'), about 6 miles W-N-W. of 

Taunggyi. 

Bauxite. 

88. In response to a request from the Baling Chief of Nandgaon 
State, Central Provinces, Dr. S. K. Chatterjeo was deputed to visit 
certain mineral deposits in that State. 
CmhSl Swtaces. Amongst these was an occurrence of bauxite 

in a laterite capping to a hill about one mile 
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oast o{ lihabei (2r iV : W IH'), t.lu‘ uud<‘rlyni<» rocks boin^ w sorios 
>f grey mottled shiU'H, epidioriU', ferruginous i(iiurt/Jl<‘, and jaspilili*. 
The hill strikes N, S. iii eonliu'tuity wlili tin* geuend sl.rikt* ol I rocL 
01 1 !i(‘ area, the latoiitio capping eoveiing ,in ureu ot uhoui I mile by ilbO 
yards, with au estimated lliiekncas of about 10 ieel. Tli(‘ btUixile 
occuis in bunds and irregular negregalions in the lai.tn*it(*, tlw* pro- 
portion of bauxite to latoiiti* in<ireasing in a soutlmrly div(M‘ti<>n. 
An analysis of a sample of (he bauxite, t*arri(Ml uid. b) Mr, J H. 
Hutchinson of Ualeaitta in 1030, is rcporUid t<» have yiel(le<l th<‘ 


following result 

I’m 

v'ilUa , . 1 ih 

. . . (ilHMi 

. . . . li-AO 

AlftO ..... Nil 

(’.lO .... , . Nil 

TiOj .... . . 

LoHii (III if'iul toil . ..... .'.I i(t 

'I’liTll, . 1(H) 10 


This deposit was oiifiiiudly ropoctcxl oii by Mr. M. Z. Aljtxlin, o niiiu'r.il 
prospector in the employ oE Nundgaon Htote. 

Coat. 

89. Although th(‘ Held vrork of the (JoaKields Party has come to 
an end the rosulta of their labours have noli y('t all b(‘en pnblislu’d. 
During the year two memoirs from the ])<>n ol Dr. Kox wen* publislKHl 
on ‘The Natural History of Indian Cioal,' and on ‘The (iloiulwana 
Byst(«n and llelnted Format ions,’ fonning resiieet ivi’iy Volumes 
LVU and LYlil of our Menuiim, The eompiehciisivi' scope ol 
these two memoirs is indicated by their title. Mr. hi. It. Gee’s memoir 
on the geology of the Kanigunj Coalfield is in the i)ro8s tuui should 
issue shortly.^ Dr. C. S. Fox completed his examination ot the 
coalfields of India by visiting during January and February, 1931, 
the coalfields of Assam around Cheirapuuji 
**'***’ “ Khasi Hills and in the Simsang Valley 
of the Garo Hilis. The small coalfields 
between Shillong and Cherrapnnji axe not considered to bo of groat 
eoonomio importance, but they arc nevertheless valuable for local 


GHnoeiasuoil as Mm, <it»oh Nvrv. Ini,, LXl, (1032). 
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purpoacH. I)r. Fox with proviouh juveaiigiitorH (II. B. 

Mocll'cott, La Touch<‘ and others) that those t*<Ml teams helontr 1o tWrO 
geological e])oeIo — oik* s<'t to the U])per Oiotat(M)iis and the other to 
the Lower Tertiary. 

Pi. Fox visited the Rongicnggiri and Darauggiri coalfields in 
the upper Simsaug valley in the Garo Hills. Ho draws attentionj 
liovvcvei, to the gieatei accessibility of the seams m the neighbonr- 
hood oi Siju in the Simsang valley from the plains, and especially 
those in the hills in scveial localities east ol Siju and ]l(*wak. 
Thesi* latter occurrences were privately examined tcfi years ago 
and that exploration has revealed the fact that the seams found 
on the hills known as Baljong, Dogriiig and W* iniong contain up- 
waids ot 4 million tons oi coal of good <[uality, whiht the Asilgaon 
Hill coalfield, which is a little less accessible, eontains some Id million 
tons ol coal of similar (|ualit}. The ci(‘dit for the diseovciy of 
tlK'hC seams is due to Mr. Berkeley, while the geologicMl <ind mining 
aftpei*ts of the seams have hcon favoiu’ably reported on by fc?ir Jlcnry 
J la} den and Mr. 0. 8. Whitworth, l)r. Fox is in agioement with 
till* favourable opinions of the coal and its location and (‘onsiders 
that the manufacture of lime or ot cement of special (piality could bo 
undei taken at some place in the plains when industrial conditions 
ar<‘ uion* tavourablo than at present. He confirms tho age oi the 
coal as probably TJj)per Cretaceous and certainly pre-Sylh<‘t lirno.^toni^. 
Tin* coals undcilie Siindstoues that an* overlain l)y the Siju ]niu‘i tom 
(l)ro\ed by lossil t‘vith*nee obtained by Dr. Fox to be Middle to 
Low(m KLirtiliar .nid conseipumtly the sanw‘ <is I he Hylhet lum'stone 
ol tihe Khasi llills). Di. Fox was unable to locate any Tiirtiary 
coal seams eiiuivalent to those near Olierrapunji, 

40, In the course of Ilia work in the Southern Hhan States 

Mr. V. P. Sondhi difcoveied several coal outcrops between tho Loian 
coalfield (20'^ 3ft': 90'" 37') and Minapalaung 

(2(P 56' : 96"’ 30'). This latter place though 
lying on tho edge* oi the Southern Shan Plateau, 
is actually within tho Moiktila district. He was not favourably 
impressed with the commercial possibilities of these occurrences, aa 
the coal itself is powdery, the seams dip at high angles, and tho 
enclosing rocks are highly folded and faulted. Tho only locality 

that may be worthy of future attentron lies about one mile south of 

Tuegaung (20*' 49' : 96® 32' 80'"), where throe outcri^ were found 
along the strike, all apparently belonging to the saane seam. The 
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total thickupss is nowhore (>xi)OSod and the ondosing bods of clay and 
carbonacoons shale dip either to the west or sliffhtly i,o the north of 
west at about 45''. 

41. A small lenticular seam of coal was fojitid by J)r. Jl. h. 
Chhibber about l)Jth mile W.N.W. of Taron{»yan{> (25’ 40'; 96" 45') 
Myitkyina disfrict, in 1^0 Kamaing sub-division of the Myit- 

Burma. kyina district. It is exposed in a small water 

course, a tributary of the Wanga Ilka. The seam is surrounded by 
slightly arenaceous blue compact shales, which are liighly joinlKHl 
and contain leaf impressions. The rocks dip W.N.W. at low ai^»les. 

The Subdivisional O/Hw'r, Kainaing, intorined Dr. Olihibber tliat 
coal also occurs ncju Sumdukawng in the Lawu tract of his sub- 
division. 


Copper. 


42. Stains and thin coatings of oxidiswl <‘opper-oies arc* of fre- 
quent occurrence on rocks about one mile to the south-east of 

Pindaya Slate, Alc-ehaung (21'’ 0' : 90" .33' .30") according to 
Southern Shan States. Mr. V. P. Sondhi. 

43. On the lower slopes of the western flank of tlie Ileho range, 
about 150 feet above the Hoho plain, in the first valh'y north of 


the one that carries the railway from Kalaw 

YawnRhwe State, to Shwonyaung, and about half a mile from 
Suuthcm Shan States. , ggp nccording 

to Dr. Coggin Brown, an unprotected shaft, 30 or 40 f<>et deep, and 
the dumps from two or three colIajMed adds. These workings 
appear to bo in a shaley band or bands inti'realated in lijnestones 
of the Ifeho typo of Upper Ordovician or Lower fiilurian age. On 
the duja]>s pieces of massive vein quartz occur which seem to imli- 


oato the* presence of narrow quartz veins. Both those and the 
fragments of shale often contain films of malachite and azurite. 


Chalcooito was present in some specimens. 


44. Iron pyrites has been recorded by Mr. B. 0. Gupta in the 
pegmatite veins at Kerakibari (26“ 46' : 74“ 14') in the Todgarh 
Ajmer-Mnwars, takMl of Ajmer-Mcrwara, in association with 
Rs]pntana. vein-qnartz and calcitc. Copper ores,— -ohaloo- 

pyrite, cuprite and azurite — 'are present, and the pyrite also contains 
traces of copper. This vein was struck in the course of digging a 
well in flm gneisses, and no surface outcrop nor other occur- 
rences in wells were found, in spite of diligent search. 
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15. Af DarilM (27^' W: 74^ 22'), ton imlo« W(m of T«1 dhhapar 
llnilwav Sifdioii on 1hc‘ Dogann Kalangarh Hootion oi tJi<^ Bikaner 
Siato Railway, tlioro ih aaid to lie an old 
Bikaner State, Uaj* (*(>])por nujm‘. Tlio Na/jni of Hnjirngarli in- 
*’***^”*^* fornu‘<l Dr, Heron that lh(» Bikaner Darliar 

liad put down a shaft or horo-h(»l(‘ to a <loptli of 220 f<»et tlirough 
llio nllnviuin, without roKult. 

The ri<lfl(o ot Malani tutfs near Jhrninsar (28‘ 2': 74^ 47') is 
(lividt‘(l into two um‘(|ual portions by a col about one-lliird of its 
Ieiij](th troiu its north tuid. In tins nortluTn j)ortion is a /one aboiit 
two f<^(d/ wide, p<irallel with the stnk<*, in whieli ^leen liljns of basic 
(•o])pei* earbonaU* occur in tho rthear-planes ot the slaty iiilTs. A 
level has been driviui for alxnit twenty fi'et along this, and two 
pits some six f<‘et deep sunk on it, clos(‘ to the level. Near the 
south einl ot t»ln* rhlgc*, three itndineil burrows five to fifte<‘n feet 
deep hav<» lH‘(*n dug when* eo|>per-stainiiig is visilih*. J^rospocting 
has evidently Immui unsuoo(‘ssful, and the occurrence's arc of no 
eesononiic inlJ)ortauc(^ 


nnginccring and allied questions. 

K). Iti Mnrfih, IIKU, at tJio invitation of tho Kashi Tirth Sndliar 
Trust, Mr. Aiulou visit<‘(l Bonnros in order 1o study tho erosion by 
tlio (hinffos river of tihe leit bank, upon which 
Collapse of bathlni; the j{hiitH are situaled. For many years the 
n ats, enares. j^hats have boon collapsing, 1o tli<‘ ilistn'ss of 

th(* thoumuKlH of pilgrims wlio ooine annually for bathing and 
worship. 

Tho quostiou of tho influence of tho (bulges on tho collapse of 
the, ghats is diflicult to decide. Benares is known to bo an ex- 
tromoly ancient Hindu city, from which it may bo concluded that, 
from the tim<‘ of its foundation up to tho present day, there has 
alway.s been battling from tbo left bank of the river. It is not 
known definitely how far baC/k, before the time of tho Mahratta 
conquests, stone ghats had been used for this purpose. It is also 
unknown, therefore, if tho left bank of tho rivet, on which 
Benares has been built, lay originally further to the oast than it 
does at present, ami has been gradually eroded westwards. Since 
1830, however, there is clear evidence that ^ats built of stone 
have been collapsing into tho river. At the present day, there is 
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hardily a «iTi£i;lc ^liat intad, and, in the i*a«(^ of Mir and K(‘india (iliats, 
ih(s (lamnt^o duo lo rollaps(» haw boon oxtroinoly hov(‘io. 

Tliat instability ovisis al iho ]>resont tiino may b(‘ mhui Irom 
tlio fact that ocmont bridt^os, wliioh tlio oni»in<'ous ol llic Trust 
Tocently put over oiacks iu tlio slomnvork ol Soiudia (Jliut, havo 
themselves been craokod. 

The causes of oollapso are not clear, but Mr. Au<l<ui discaissoh 
two factors : — 

(1) Uivor erosion. 

(2) Inseoiiro foundations. 

AVith regard to erosion, the data are not suHieient to gi\e a <le- 
finite opinion. The ghats lie on the oon(*av(‘ bend of a riv(U‘, "wliidi 
is the side liable to erosion. Detailed surveys b} the I'lnst engi- 
neers have shown that the deejiost water 0{*(*in‘s along tlio eon(*ave 
side of the bend o])poaito Lai Ghat, while relati\ely shalhuN watei 
occurs along the straight reaches ol tlie river, l)y Assi Ghat and 
the JDuff(»rin bridge. Ifigh sand banks oc<*nr o])})osit(‘ Lai Gbal, 
on the convex side of the bend. This is, oi course, fche usual (condi- 
tion seen in rivers. Once a l)end originates, tluw is a 1(‘Ti(l(Uiej for 
it to enlarge on the con<*ave side, in this case, the side upon which 
the ghats rest, liiver bottom surveys v\(‘re ennh'd on by tlio 
P. W. D. in 1021, and by the Trust (meineeis in 1030. In the iutcival 
of nine years between these two surveys, no rofpilar shift of the 
line of deepest scour can bo ])TOVcd to hav<' occurr('d, nor has the 
left bank shifted to the west. H jnust lie remeniber(‘d, however, 
that such a time is insignifieani compared wdtb 1h<‘ liistory ol llu* 
river, or of the city itself, and it <‘annot be (‘oneludod that the Gangi'S 
is not slowly cutt.ing away its left bank. 

During the monsoon nionths, when the rivew js in flood iborc^ 
is found to bo silting up on the left bank betw'e(m IciW and Idgh 
water levels, and at the same time a semiring ont of the liotlom 
of the river, below low water level, Tliis s(*our is filled up ]jar11j' 
with loose deposits during the winter montlis, owing to th(» dinii 
nished volodty and carrying power of the current The silting up 
of the bank between low and high water levels is doubtless du<* lo 
the submerged ghats and temples acting as groynes and arropting 
the velocity of the current. 

There would appear to bo little danger, therefore, of the erosion 
of the bank between low and high water levels, The danger is 
more in the vertical and slow lateral scour which may take (»lace 
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btilow luw Witter lovol during the juoiiaoou ])crio(l. Mr. mu/- 

j^osta LLat in tJjo tloupor jdacou of tlie Imiid (»f tbn (Jniig<‘a river ut 
iionarea, the river may have cut clown tlnoiigh tbe cluy to llio aafal 
that bore-holes show to (u*eui at a fairly constant level below the 
clay, namely, between lol and feet 0. 1). The moan low wat(‘r 
level of the river is about 192 feet 0. D., while the greatest doptli 
for low level water is ti2 feet, or 130 feet 0. D., whirli should l^e 
well within the sand. The sand is usually dry, as was found in the 
boro put down at Harishchandra Ghat, being covered by imper- 
vious clay. Should the river reach down to this sand, it is possible 
that slip may occur along the junction plum* botweon the two facies, 
particularly if the angle of rest of the sand is altei*od Ijy its becoming 
saturated with water. 

Erosion, therc^fore, may be res])onsible for sliglitly undoi’mining 
the bank bidow low water level during monsoon flooding, and for 
reaching the sand below the cluy, so as t.o U])Set its staibility. The 
cumulative otfoct of undermining over a large period of years is 
not known, but is certainly significant. 

With regard to foundations, Mr. Auden states that thefwj are 
generally very inadequate. Stone steps are laid direct on clay, 
without protection in front, and without adequate pile or w’oll foun- 
dations. There is a general scouring out of the clay from beneath 
the unprotected steps, so that those aiH^ uiuh^nniiied and eventually 
topple over. There is no doubt that many of tlie ghats owe tludr 
present precarious condition solely to inade(juat<‘ foinubtion and 
prote(‘tion. The collapse of Sciudia Ghat was certainly in j)art 
due. to the placing of a heavy masonry superstnicturo upon wooden 
piles, though in this case there must b<» Hubsuliary causes, siiio(‘ the 
ground is itself unstable. 

The problem to be faced by the Trust turns therefore on two 
nmin issues. Firstly, there is the qu<*stion of foundations. Reports 
have boon subinitted by Messrs, ftormflius and Prashad. Both en- 
gineers are convinced of the nocesBity of improving the foundations, 
though their actual proposals differ as to method. Secondly, there 
is the question of protoefcion of the river bod. The scheme proposed 
by the ongiueors of the Trust is the consferuction of a periphery 
of wells and intervening shoot and screw piles in the clay with 
kankar to a depth below that of maximum scour sufficient to insure 
their stability. The ghats are to be brought forwJ'ard to this peri- 
phery, which will act as a toe protection. The bed of the river 
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ia to bo loft improtootod. It is ijnpossiblo to prcnlict tho offoct 
of such a coustruotiou on tbo scouring utul silting of tL<( nvcr. A 
training wall ombankniout, laid on umitri'SKos along tins (•oncuv<‘ 
aido of the Rangoon rivi'T, opposite Rangoon liarluair, had iho 
olloob of causing silting uj) on boiii sidos of tho wall, and of .shifting 
tho doopoat water towards the convex bank. It should not b<“, 
arguwl from this that no erosion is to bo <!xpoct«‘d along the off- 
fihoro side of tho proposed periphery of wells and ])il(‘H. Home 
s<iour may Ixt ex]Micte<l, so that those pihw nuiy ov<‘nfiUiilly lx* (-x- 
poBod for some considorablo part of their height to the direct iudion 
of th(! rivt'r. If ther<» is any outward thrust on fh<iS(* part.ly exposixl 
j>ilos, as a result of th<“ir overbunhsn of stt'ps, their stabiliiy uuiy 
bo (mdang<‘riid in thos(‘ places when* rivor erosion is aetives. 

Tho point to be eonsideix'd is tho advisability either of protecting 
tho proH(uit IxhI (»f tli<i river from an erosion that nuiy, but not neex*u- 
sarily will, tiak<» })lace, or of allowing tlie rivor ]>0SHii)ly to enxh' 
up to tho piles and hoping for their stability. Mr. And«“n Bugg<‘Ht(!d 
the dropping of a loose apron of stonew along f.he eoneuv<* bank ol 
the river from low water l<»vel down to the line of maximum scour. 
It should Ixs possible, at no groat ox])onBe, to bring blocks of 
Vindhyan sundstone dowm slxeam from th»' (piarries at Ohunar 
and then dump them from pontoons. Tho rook breaks up into 
slabs, which would not roll, nor slip down any ox<'ept fhe stoopest 
gradients, whor<» roattows methods oould he ailopfed. If. is said, 
howevoT, that the cost of such an apron would 1 h» proliil)itive, 
Mr. OornoliuH indefwndently suggostod tin* an<‘.liorjiig io f.he ro- 
oonstnictod ghats of reinforced concr<‘te Mocks linked fogetlier into 
mattnjssos. This scheme has also boon ooud<uim(*d on account of eosf . 

Tho s'Wjral reports of Messrs Auden, Oorndius and Prasluul 
a,to published in booklet form in * Benares and its (lhats ’. No 
indication ia given in tho booklet us to which scheme will be finally 
adopted, but it is to be prosumed that the question of both inotec- 
tion and of foundations will bo rooousidetod in view of tho oiHuions 
thoroin oxptessod. 

47. During January and February, 1931, Dr. P. K. Ghosh tra- 


versed the country between Viramgam and Badin, including a por- 
tion of the Rann of Cutch, in the company 
s..™« onginoers of the Bombay-Sind Connoe- 

tion Railway Survey, for tho purpose of re- 


porting on available building materials and water supply. 
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Alluvium, of couise, covers nearly all this country, and varies 
in character from the elongated sandhills, i)arallol with the direc- 
tion of the prevailing wind, to the mingl<*d nnniue and frealiwator 
deposits of the Bunn. The alluvium carries consid<‘ral>]e quantities 
of kankar (concretionary calcium carbonate), gypsum and salt. 

The chief oiitcroj)s of solid rock are in the peninsula of Nagar 
Parkar in the Rann of Cutoh. Of those the oldest rocks, amphi- 
bolites and dolerites, are found as inclusions in the granite and its 
associates. The granite occurs in two varieties, one coarse-grained 
and greyish, and the other finer grained and purplish. In addition 
there are minor veins of qxiartz-porphyry, felsito and aplite. 

Around the foot of the granite hills and at various localities on 
the eastern margin of the Rann of Cutch, beds of calcareous sand- 
stone wore dopositfjd, which, near Eval, we.st of Radhanpur, are 
intercalated with limestone. These are supposed by Dr. Ghosh to 
be Tertiary or Cretaceous. On the surface of those sandstones and 
limestones latorite is locally deposited. 

The sandstones and lat'‘rite are, as a rule, too soft and cavernous 
for building purposes, but the granite will supply a suitable material 
for heavier structures on the proposed railway. The limestone and 
‘ kankar ’ provide .ample material for the mauufactm'o of lime. 

The most serious problem for this railway is that of water supply 
of a quality suitable for drinking and for use in engines. It is pos- 
sible that artohlin conditions may bo fomul between the <tabt<uu 
margin of the Rann and Viramgam, an area in which porous rocks, 
such as sandstones, interboddod with c.ertain limebtones, upitear 
near the edge of the Rami, and show a gentle but decided iuclina* 
tion to the H.K. and S.S.E. These pass to the eastwards under 
alluvium, consisting of sandy beds alternating with clayey layers, 
and water may he obtained both in the alluvium and in the under- 
lying rocks, but in consequence of the inclination of the bed-rock, 
the further the site of the bore-hole is selected towards the bouth- 
oast, the deeper will the boring require to bo. This deduction is 
borne out by the horo-hole records of Viramgam, Ifankoshwar, Sami, 
etc. 

In tho area of the Rann there is little hope of getting potable 
water, except in tho vicinity of the granite hills of Jfagar Parkar. 
The rain falling on them is partly absorbed by the alluvium sur- 
rounding them, and might bo reached by borings and wells, but 
would not bo under artesian conditions. 
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18. At ilio luslniKu* of iho Huriiui (JovtTiHiuMjl. Mr. ljarl)or wab 
rot[U(jiitiC(l to rt‘|>ori ou tAio {ili»<!iuiicui of i»la‘ Miubu-Pakokku litril- 

AllvinioiU ot flic 

niiibu-Pakokku Kail* (aition of the iiU^uiuont, iliai woultl not pnjvcnit 
way, Burma. or<l(‘rly d<ivolopui(‘ut of tlic louHOil hloolcb 

of tlie MinbiJ oilfiold. 

Tlie alifjjiiuxciit of tho proi)oae(l railway (nilKirb the <lcmar<*Mitcd 
blocks of the Miiibu oilfitjld in Block iOS, ))ut from this point to 
the north of Block IS it trav<»rses citlicr the isb‘ 0 j>ly <lip])iinj^ strata 
of the ciistern Ihul) of tli<^ Minbu aiiticluie or newer rocks (the, liiinds 
and gravels of the Irrawaddian and allnviuiti), neither of which 
oJhn'S proHp<‘cts of (iomiucreial production of oil. There is^ there- 
fore, no objection to this part of the alignment aw far aw th(‘ d(5V(5- 
lopiueut of the Miiihu oiliield is oonceriunl. 

At the south of IHock 2S the alignment crosses tin* <jrcst ol the 
Minbu wi.ructnre and traverses for a diwtjinee of wonn* three miles lo the 
north tlni gently dipping strata of tlie w<*sU*rii liiuh of the antii^Iine. 

Mr, 13arb(*r lias shown that although a large porf.ion of tins align- 
ment in Blocks 2S, 2N, 19P and 20P Iwis to tluj west of <hi* limits 
of production in tlio known shallow producing sanil, it does Iraverst* 
iicrritory that must bo regardetl as potcjifcially luodnetive, in view 
of the possibility of deeper sands being <liwcov<‘r(Ml. 

la view of tin* asymmetry of the Minbu struetuie it is antici- 
pated that the wowtern limits of prodiwition in »leep prodindivt* 
sands will lie to the west of the limits of prodnetiou in tlni shallow 
sainl Owing to tin* absence* of evhlence far out in tin* **ast fleeik 
of the Minbu structure it is impowwibh* twjcurately to «letermme 
the limle of tlui axial plane, but on the basis of available (‘vid<jin*ie 
Mr. Barber htus e.stimab*d that at feet i.he limits <>t jniMlue- 

turn would lie approximatedy 1,000 feet to tin* wewi, of tin* pnxhn*- 
tive limits of the shallow saTnl. As with mt>d(‘rn rotary eipiipmiMit 
8,000 feet is well within roacdi of the drill, it is proposixl that a line 
drawn parallel to the western limits of production of tin* shallow 
sand, and 1,000 feet to the west of it, be adoptti<l as the w<jst<^m 
limits of the drillable area. 

In view of the asymmetry of the Minbu structure it is improb- 
able tliat tlie eastern limits of production of deep producing sands 
would extend beyond the limits of shallow production. The easb^ru 
limits of shallow production in the shallow sand have, tliereforc, 
been taken as the eastern boundary of the drillable area. 
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Owiiig to the ocomTenoe of a wide belt of alliivnim it» Blochs 
19 and 20P, wliich of)s(*ures the oeolooricnl stmctiire in these bloeha, 
it is veiv difficult, to determine the rioHlierii bonndarx^ of ])mbable 
production. It Ls tlioii^hi, however, that ihe nortlierii boundary 
of Block 19P cmd its vi’ojection into Blo<*k 20? may be safely reoarded 
as the noi’thern boundary of the drillable area. 

The alii»nment as at present proposed tra versos th(^ drillable 
area, as postulated above, lonuitudinally, and as lessees are pre- 
vented bv their mining lease from drillinfif withiti 50 yards of a 
railway, tln‘ construction of the latter would preclude the develop- 
ment of a strip of territory approximately 400 feet in width and 
some lliiee miles in lenjith. In the event of deep oil sinrls beinc; 
discoveied in this part of the Minbn structure, and this area proving 
productive, this would result in great loss of royalty to Government. 

Fn view of the fad that the eastern portion of the drillable area 
extends into the western margin of Minbu town, it appears inevitable 
tliat. the alignment shall cross tlie drillable area, but in order to 
re<hu*e to a minimum the area in which drilling operations would 
be prohibited, it is recommended that the alignment should cross 
the drillable area as nearly as possible at right angles to its long 
axis. 

It is presumed that the site of the bridge to carry the railway 
across the Pabwet Chauug has been carefully selected, and as the 
present proposed aligninenl does not encroach on th(‘ drillable area 
south of lliis point, no alteration is recommended in the alignment 
south of the Sabwet Chaung. It is recommended that after cros- 
sing the Rabwet. Chaung the alignment bo deflected as sharply as 
possible to the west until it passes out of the drillable area, and 
tliat from this point it be continued in a northerly direction to the 
west (»f the line marking the western limits of the drillable area. 
This involves deflecting the alignment some 1,000 to 2,000 feet to 
ihe west of Its present line for the greater part of its course through 
Blocks 2R, 2N, 19? and 20? of the Minbu oilfield. 

49. Mr. Leicester was deputed to examine a now reservoir site 
selected by the Rangoon Corporation for consideration among the 

Rangoon Water >^^^™rous schemes already proposed for the 
Supply Hlawgaw Low extension of the existing inadequate supply of 
Level lake Scheme. water to the City of Bangoon. The impound- 
ing area lies on the rice fields to the east of the loW shelving ridge 
between pailes 14 apd 21 of the Eangoon to Prome road (17® 0' : 

?5 
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90° 40') and ifc is proposed lo consti’iii)l< a sliallow reservoir 16 feet 
deep, with the ‘ takc-oli ’ about 9 feet below Iiii>Ii wah'r level, by 
moans ol low earthen brmds. 

The geology of the area is simple and reveals the alltivinm of 
the deltaic plain overlying the ripper bods of the fiTawaddian series. 
The lughor ground to the west of the rice fields would appear to 
consist of latcritiscd talus and sands and clays of the upper beds 
of the Irrawaddian series. Sandy chiy-shalo of Ihc Irrawaddian 
series was met at a depth of lOj foot in a pit at Iho south-west 
corner of the area. 

By far the greater part of the impounding area of the proposed 
reservoir rests upon the homogeneous clay of the Upper Delta 
Alluvium. Tliis clay stretihes up the gimtle sIojh'H of the ridge 
on the west to within a slunt distance of the jirofiosi'cl high water 
level, with the exception of th<* suva known ns the tlrnsing (Iround 
which lies duo east of the Mingnlndon IVircleMs Stiition. This allu- 
vial clay should form a practically iin permeable and therefore ideal 
floor for a reiservoh' of this khul. Over the areas not covered by 
alluvial clay, a number of pits were sunk under Mr. Leicester’s iu- 
stnictions, and from information gleuncd from them, and the nu- 
merous village wells examined, it was found that in no ])lace could 
the ground be considered l<o nay appreciable extent porous. 

Mr. Leicester iudicateil that, at the points where the ‘ bunds ’ 
cross the streams, the silt bordering the streams should bo removed 
and the cote of the dam sunk well below the old stream bed, aud 
that the arms of the bunds shouki be sunk well into tlie ridge and 
the impervious core well below any laterito mot in it. The area 
outside the reservoir shoulil be watched cai'efully in oi-der to avert 
damage to tho ‘ bunds ’ by meandering streams and flooding. A 
certain amount of river training may bo necessary and, in excop- 
tbiud oirouzustances, certain parts of tho outside of tho ‘ bunds ’ 
might have to be proteolcd by pitching and rubble aprons. 

Mr. Leicester’s conclusion was that the area should bo suitable 
for the construction of a water-tight reservoir bounded by earthen 
‘ bimdfl ’. 

60. The Inigation Department proposed to construct an earth- 
ern dam across the Thitson Biver in Yamethin district, about 

The Tbltson Reservoir above the abandoned Hteinnyetkon 

Prolcct No. 1, Ysmethin Weix, and thereby form a reservoir with a full 
*****'*' capacity of 13,000 acre-feet and an estimated. 
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water spread of 1,260 acres. Geological advice was requested as to 
whether the area iiicladod within the proposed reservoir was suitable 
for this purpose, and whether the site chosen for the construction 
of an earthen dam, 1,800 feet long, with a freeboard of 3’62 feet 
above high water level and a maximum height of nearly 70 feet, 
was also suitable for its purpose. 

Dr. J. Coggin Brown undertook this investigation. The site is 
reached from Yamethin by a road which leads in a north-north- 
westerly direction to the Thitson Chaung at Ywadan, 9^- miles, 
IVom this place the bank of the Hbeinuyetkon Canal is followed 
to the South- w’est as far as the weir of the same name at 12 J miles. 
The dam site is about one mile further upstream. 

The Thitson Chaung has a large catchment area and its feeders 
from the west and south-west drain back into the main range of the 
Yomas, which attains heights of 1,300-1,400 feet hereabouts and 
separates the Yamethin and Magwe districts. Like most of the 
streams in this part of Burma, the Tliitson is dry for a considerable 
part of the year but is liable to sudden and severe spates in the 
rainy season. 

The greater part of the catchment area lies on sheet 84 P/16, 
geologically surveyed by Messrs. 0. T. Barber and B. B. Gupta in 
1924-26, and is built up of rocks belonging to the Pegu series. In 
the east however these give place to Irrawaduians wliich stretch 
down the Thitson Valley, forming a band about three miles wide 
which rapidly increases to the bo nth. Beyond the Irrawaddians 
lies the alluvium of the lower Thitson aud Shweda valleys. The 
dam site and the eastern end of the iinpoiuidiug area lie on Irrawad- 
dian rocks in sheet 93 D/3. The greater part of the proposed 
reservoir is situated on their extension to the west of this and only 
a small fraction of the total area that will bo under water encroaches 
on the Pegu series. Mr. Gupta described the Pegu rocks generally 
as alternating beds of sandstones and shales varying greatly in 
texture and folded into a series of .anticlines and synolines. The 
Irrawaddians were found to be soft, loose sandstones and gravels 
with red earth as a surface deposit in places where the topography 
was flat. 

Dr. Coggin Brown’s detailed examination shows hhat over much 
of the reservoir area and particularly in the lower portaons near the 
banks of streams there is an irregulsr cover of sandy soil, but that 
in many places, especially on the hi^ ground and in the actual bed 

s 2 
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of the main stream the rrrawatldians crop ont, generally ns soft 
satidstones or wind rock, falsc-licdih'd, |>osH(*Ksiii!> liUk' cohesion 
and liadly conBr)lidat<‘d. Much materials arc porous, become (piicldy 
soaked with water, and, owiny to their loose, friable* churacli'r may 
then suffer disintoftration. 

The presence in one wjction of a Hysl<*m of veins of s(*con(lary 
oolciuin carbonate traversing' the stnid-rock to a depth of at least 
30 feet is taken as clear evidence that , quite a|)nrt from the in- 
herently pervious nature of the siind ro«*k itself, water travels throu<>h 
the principal joint and beddint* planes of this material, probably 
without the application of any marked hydrostatic hciwl. 

As the sandy soil, sand rock and soft sandstoiu's described are 
permeable materials, it is, in Dr. Coj'uiin Brown’s opinion, a foret'oni* 
conclusion that there would b«‘ h'akas'c from a is'scrvoir constrHcte<l 
on them. Whether such Icakafifc would eventually be staiiuclu'd by 
tlie deposition of clay in their voids owitut to the circulation of muddy 
water is a (jneation that could be decided onlv by the <*ostly ex- 
periment of making the reservoir and awaiting results. In the 
recent deposits of the river bed, there is practically no mud nor clay 
to be seen, the finer material being perhaps eajTied out by the strong 
onrrent of the spates and deposited on the plains, in which ease 
the construction of the dam might induce its settlement in the re- 
servoir itself. Taking all the facts into eonsideration, however, 
it was conclndod that the reservoir site is not a good one. 

Various pits had been sunk in connection with the dam and its 
attendant works and the results from these have been t«bulat<Hl 
and studied in the full report. Tliero is a monotonous uniformity 
in the results from all the pita, which revealed little but soil, subsoil 
and soft Irrawaddiau sjmdstonc in various stages of friability, materials 
that must bo regarded on the whole as pervious, an opinion suppotkxl 
by laboratory testa on samples of the various materials. 

Only in the borings in the river bed at the dam site wero there 
any signs of a change to the good. In one hole at the centre line 
a band of hard, shaly clay, 11 inches thick, was foimd. A similar 
clayey layer, 1 foot tbick, was met with, llj feet below the surface 
in a boring, 160 feet upstream from No. 1. In a similar position 
160 feet downstream, at 6J feet below the rivet bod, a thicker clay 
band^ is report^ to occur. Intermediate borings however, at Iflio 
feet in both direetdons, passed through the horizon of the clay into 
t]ta ntiisl soft Irrawaddian sandstones without oneoiintermg it. 
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Tliere is tlms some reason to suspect that the (‘lay, or clayey 
jire merely Iciiticles of irrogulai* shape lyicy amongst the pei'meabio 
saiidslojies. Most geologists with experience of these irravvaddiait 
rocks would indeed be surpeised it such was not the case. 

jl\b it is proposed to anchor the puddle trench of the dam in this 
clay band and at the same time to protect it by sheet pilmg, it is 
first of all essential, in Dr. Ooggin Jirown^s opinion, to trench down 
to it along the whole length of the dam line in tlie river bed and then, 
by pitting or drillmg, to prove whether there is a suttLcieut thickness 
for the purpose. Only in some such way can the dangers due to 
rapid lateral variation and iiregularities of thickness, to which these 
deposits ai'e prone, be guarded against. 

In the absence of any such continuous impermeable layer, it 
is doubtful whether a watertight dam can be made in this situation. 
Percolation will then take place tJirough the underlying sandstones, 
which might become rapid enough to result in their movement 
and the undermining of the structoe. Another unfavourable fea- 
ture, in this case a struciuiul as distinct from a lithological one, 
is the change of the dip of the sandstones from their original W. N. W. 
dii’cction upstream to the E. N. 111. at 20^ — ^25^^ near the proposed 
site. The dip is thus outwards from the reservoir and woultl 
augment the tendency towards lejikage caused by the porosity of 
the bods themselves. 

If it should be coiLsidcrctl impracticable to continue with the 
existing TJiitson project., and Di*. Uoggm Drown was forced to the 
cmiclusiou that both reservoir and dam sites are uusatisfactojy, 
it was suggested tliat a suitable alternative site is more likely to 
be found within the area occupied by the P<^u rocks fiuther up- 
stream, which would not apparently decrease the catohmeub area 
a great deal. On the other liand, the economic practicability of 
such a site, presuming one exists, might bo ruled out of considera- 
tion by tlie increased length ol the (janal system involved, an aspect 
of the question which is outside the province of a geological adviser, 

51. A new sit©, just below the junction of the ThaUdimyaung 
diautiig with the Thitson river, was chosen for the dam across the 
latter stream, as a result of Dr. Brown's 

R<Sokpi5itW?7 ^ 

suggested by bioo. 

Tbe site selected lies lb| loiles due vest of YMuetbin. «)d oiae 
miles & £L W. of IToiiMUag ia the YftnauDg soinlivisioa of tiie ITame* 
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tliin cliBiricl: \t is roughly four luih's ii|>sliv.nn uloiig Iho l)(»n(ls 
of tho Thiison rivoi* froui iluj ourlit^r Bil<% ilu* ucsunvsl village luuug 
Magyigon, jioi ahown on iJio oiio m<‘h shvot. 

As the result of urgent i'oyiuseulatiun.s in view of llui ])roi)OHaI 
to construct the clam as a fatjunc relit*/ vvork, JVIr, A. I 4 . Ooulson 
left Rangoon on the 161h yopltuiibev, 1931, to visit the now site. 
The proposal was to form a reservoir of 11, OIK) to 14,000 acre- 
feet capacity, and water-spread of two square uiil<*s, by iiufjounding 
tlio Thitsou river with an earthen tlain. Th(‘ topography allowed 
of a dam leas than half a mile long and of Jieight 60 to 65 feet at tho 
gorge crossing. The full tank level would be a(* R. |j, 850 feet, 
the present bed of tho Thitson bemg at R. L. 797 feet.. This would 
give a maxiininu doi)th of wattu* of 63 fet‘t, 

Tho catchuiout anvi of tlie Thitsou ab(>vt‘ tlie i)ro])Ohe<l dam is about 
108 square miles and, \\ith the ox(* 0 })tion of a small i\mx S. H. K. 
of Thaiklimyaiuig, another E. N. E. of Uwegon, and one uorlliwcst 
of Aingdo, all of which are on Irrawaddians, is built of Pegu ro(‘ks sur- 
veyed in 1924-25 by Mr. Jk Ik <Jupl.a. The Jrrawaddians iiiicou- 
formably overlie the Pegus one mile S, R. K. of Tliniklimyaung. 

Three dam lines had been tA'sied in tin* vicinity of Magyigon 
village. Hie first of these, line T5, Inul been rejectotl chiefly on ac- 
count of the abundant prosence of ^Jcyatti’ or aUcalino earth, in tho 
trial pits. The present proposed dam lino, lino 0, was a inodilioa- 
tion of a former lino, lino A. Bixteen pits had b<*en oxcaval.ed 
along lino A and its escape channels; four additional pits were suuk 
along lines A and 0 at Mr. CoulMufs requ<‘st. Additional inforiua- 
tjon had been gained in certain pits and in the bed of the river by 
borings. All the stunples laid been tK'sled eheinieally by moans of 
phonolplitlialein and by shaking with water to sec* whether or not 
tho pernicious alkaline earth was present. 

Mr, Ooulson noted that all tho dips of the ru(>ks w(‘ro ap 2 >J^oxi- 
mately at right angles to tho dam lino 0, which had a general N.-S. 
trend. The dips, however, were downstream and so did not tend 
to ^bility, though their amount as a rule was high. In the gorge 
section, dam lino 0 made an angle of some 16® with the strike of the 
rooks, which dipped at 00®, to 10® S. of E. This angle is small but 
is unfavourable. Dam line A at tho gorge crossing was distinctly 
bad, being almost at right angles to the strike of the rocks# 

Mr* Coulson concluded, as a rcsxdt of his observations^ that with 
tbs Succession of shales, shaley and micacoouB sandstones, thin 
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sandstones, etc. proved by the trial pits to bo discontinuous in 
nature, there was no strong, impermeable, continuous and easily 
recognisable bed, eminently suil^ble for anchoring the foundations 
of the proposed dam. The rocks on which it was proposed to build 
the dam were the higher members of the Pegus and were not dis- 
similar from the Irrawaddians. The boundary between the Pegus 
and the Irrawaddians lay just below the dam line. 

Mr. Coulson concluded that sheet piling would have to be driven 
to a depth lower than 11. L. 777*6 feet in the bed of the river ; on 
the right bank, precautions would have to be taken to a level lower 
than E. L. 809*5 feet ; and on the left bank, to a level lower than 
R. L. 789*0 feet, a considerable safety margin being allowed in all 
cases. 

Abundant ‘ hjalli ’ was proved in pits on the left (lank of the diitm 
line, the general thickness of the ^kyatli’ band being about 20 
feet; the adequate protccfciou of the iwoposed dtini from tliis al- 
kaline earth would undoubtedly ];)rovc expensive, though not too 
groat as to render the use of a clay core impossible. 

Mr. Coulson examined the escape lines and made detailed obser- 
vations on the rocks in the Thitson river, upstream from tlie pro- 
posed dam, which woidd form part of the reservoir basin. Though 
better for the purposes of retention of walec than tlie Irrawaddians, 
the Pegus foim a far from ideal spread of rocks. At the time oE 
Mr. Coulson’s visit, the water in the Thitson cant'd a lot of silt 
and clayey mattc-r in suspension, the great^er part of wliich would 
be deposited in the reservoir when formed. The 3'clalivcly porous 
basin would become gradually stanched by the disposition of this 
material, though it was probable sucli stancliing would take a very 
considerable length of time. 

There is a largo variation of dip and strike in the strata a short 
ilistanco upstream from the proposed dam site, the general direc- 
tion of dip being, however, downskoam. Further along the river, 
near Gwegon, the direction of dip is generally upstream. About 
three-quarters of a mile south-west of the village of Gwogon, a 
rather massive sandstone, about six feet thick, dips upstream at 
86® to 60® N. of B. This sandstone would form a far more secure 
foundation for a dit.nri than any other rooks noted between it and the 
present proposed site, but the conditions here are &ir from ideal. 
It is anticipated by Mr. Coulson tiiat there would be considerable 
difficulty in proving this sandstone on the right bank of the Thitson 
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UpHtmim Iroiu it tii<> ilii».s ami Mtiikw .lUt'i* Iiii7vl.v l»tit liny .ll(>;<.■lu•l.llly 
u|)Htl■('.un, lilitmgli lociiil pucK<‘rin;^ aiul l.mKiiiv wen- noincii. 

Mr. Uoul«»»ii («»iu'lii(li‘(l tlj.it till' I'liiisinii'liiin nl Hu li.iiii .11 n> 
the TJiitsoii rivor at ilm aitc iiis|h't‘t<*(l by hiui coulil not br .iilvi.<('<i 
upon y(‘ulo};ioal gi'oumlb. lb* .siipj'i'Nli'il that llii' po..,.i)»ilif ir.. oi 
tlio baiulstouo bill south-wi'dt ot tiwi'f'on ilioiilil bi' I's.uiiiiH'tl .mil 
hii'llii'i' exploratory work be imileitakeii iipKlii‘.iMi to tiie jimetioii 
o{ the Thitwjii river with the Tliilwiiibiii i7/(f/m//. 

1)2. The lrri};.ilioii Department, l*iirm.i, propo.'.etl to eoii.ttriK t 
a muiionry weir iu the L*aiil.niiip l!i\er about two milei. .ibose the 
The Pains Weir N.itlilwe Weir. It tt.i. to bi .ilioiit 

priijecl, kyauksc ili«* 18t) teet loiij; with ito i‘re,->t .ippro\ini,iieI\ 

(1 leet. above the river bed and de,d,';ned to 
allow a maxhmim deptJi of 22 leet to pass over iU ere.it. tleoloj'ie.d 
advice was reipu'bted .i.-> to whether the round.ition.^ were .siiit.dile lor 
the proposed work aiul whether speiuil pree.iutioiM were ne(•e^„lrv to 
ensure the safety of the structure. Dr. <1. t!o”j;iu llrown iindertiHik 
this duty. 

Tho site lies ou sheet 1)2 D/7, about .*> miles .louth-e.ist. of 

ywakaiuggyi, a village JO miles to the south east ol ,\l/ifth.i railway 
station iu the Kyaukse distiriet. 

This site is about liall a luilu downstream from the Ingon d.im site 
ou which Ur. 0. do I*, tkittor reijortod in 11122.* Tlie Ingon dam .site 
otOHBodaudosilo, alluvium and ‘uouurete,’ wliiuJi was delined as tiMvertiin- 
frequently ('.onUiiuing limestoiio {s'bhles. Dr. Dotter res-arded the 
andesite as a mvfu foundation, Intt advised eaielul investigation ol 

holes which apjieanal iu tlie ‘eoneret.*.' \eeordin<< to Mr. ('. '1', 
Harbor, who invest igatiKl the Nyaunggjat Dam l*rojeel.“ still liirther 
up tlie Paulaung Valley iu 1U21, the work that Dr. Dotter advised 
revealed that tho ^ uoncreti',' hard and conipact at t.he siirbiee, 

beoatue soft and friable iu depth, ami this led to tho abandomuent. ol 
the lugou site. 

Tho dominating lopographUial aud geulogie.al features of this 
part of the Paulauug Valley are the two hills, Kandaimg on the east., 
tho 1,880 ridge of tlie one-iueh map, au outlier of the main lunostone 
mass behind, aud Mondaung, 1,006 feet, ou tlie west. Tho latter 
runs approadmatoly north and soutli for some four miles from a 
point one mile south of Ywakahq^i to the latitude of Ingon and 

* JiM. CM. Hurv. hid., L\ X, p, 20, (1924). 

> Of. oit, LVIXI, p. 20. (1925). 
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coiiirols the course of tlio river hereabouts. Tlio wesloi’U lialf of 
Moiulauiig is composed of Innesione and the oaslerii litilf, llaiilung 
the river, of andesites and porphyrites. 

A S 2 )iir runs off from the main Mondaung mass towards the east 
tiud forms Tauktet Taung, point 745 of the one-inch maj). This 
spur is iin 2 )ortant. The Ingon dam was to block the sliortt'st and 
bvCepest part of the valley between Tauktet Taung and KaJidaw 
hill, but the Daing weir site lies in a more open 2 )art of the valhy 
and, while still close to the noith-casterji flai^k of Tauktet Taung, 
is th. 3 quarters of a mile from the steej) limestone slopes of Kandaw- 
It is this greater distance from the liinestone that accounts for the 
absence of travertine and other objectionable sub-surface deposits 
at the Daing site. 

Lr. Cotter described two varieties of andesite from Tauktet 
Tau’ig, one a speckled rock with phcnocrysts of altered plagioclasi‘. 
and smaller crystals of angito and plagioclasc, and the oilier a uni- 
formly dark grey rock with a similar comjjosiiioii and stiucturo. 

At the weir site on the cast bank, the rocks are buried under tlic 
alluvium. On the opposite l>auk are evposuios of fresh, silicitied 
andesites, very hard, tough and comi)act rocks belonging to Dr. 
Cotter’s dark grey variety. A number of borings were being made 
across the river at intervals of 50 feet. Small pieces ot bedrock 
from l)orings Nos. 1, 3 an<l 7 w(tc all representatives of the same 
type of hard silicified igneous rock. As idtmtieal rocks occur in 
borings of both banks ol the river and in at least one hob* in the river 
bed, it is reasonable to suppose that at tliis 2 )articular line, the aude- 
bifces stretch right across. 

Dr. Coggin Brown expressed the opbiion that these rocks will 
form a safe foundation for the weir, jirovidt^l it is taken down into 
firm, fresh rock, and advised that in oiioiiing up tlie site parti- 
cular attention should be paid to the oecurrcuco of Joints and fis- 
suros which if present and open should be cleaned out and grouted. 

53. Reports on tbo Uhl River or Shanan Hydro-Electric Scheme 
have already been made by Mr. Crookshank,^ Dr. Fox^ and Mr. (Joe,® 
Uhl River Hydro- Department. On accouiit of the recent 

Electric Scheme, Mandi occurrence of landslips near the pipe line and 
haulage way, Mr. Auden was deputed, to- 

» i2«j. Qeol. 8wrv, Ini., LVI, p. %% (1924). 

*/dW,p.2S. 

• 0^. ck, LX, p. as, (19S7) ; Lxv, p. 4^ {mi). 
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gcther with Mr. Cargill, Superiatending Engiaeor, P. W. D., to make 
ail examination of the hiU side. They visited Jogindeinjigar dxuing 
the first week ol May 1931. Mr. Auden’s report refers more parti- 
cularly to the geological nattae of the hill side, while Mr. Cargill 
details some protective measures to bo adopted. 

A report had been previously prepared by Col. Battyc in Eebru- 
ary 1931, and outlined the sequence of events since 1928, when 
the trouble first began. Thd-e are two aalas east of the hardago 
way, which run south to join the Neri Nala just bdow the road 
between Wyer briilge and Shanan. Those have been termed ros- 
Ijcotively eastwards : Nalas A and B. During the heavy monsoon 
ol 1928, Nala A began to scour its bed to a depth of from 16 to 
20 feet below’ its usual level. The drainage of the upper pait of 
Nala A was then diverted into Nala B, since when scouring in Nala A 
appears almost to have ceased, but has become considerably aggra- 
vated in Nala B. Subsequently slips ha\e occmrocl continuously 
in the ground wrest of and adjacent to Nala A, botw’eon it and the 
haulage way. One area, of from two to ilir<je acres, has sxuilc 33 foot, 
along peripheral fi&sm'es which open out into the eroded ri^t bank 
of Nala A. Further up, toAvarJs the haulage way, are lesser slips, 
safety of the and scree ground. Fears were consequently entertained 
for the pipe line and haulage w’ay. In addition, there are slips 
above the adit tramway, occasioned by two BTnfl.11 uahs which have 
increased in size as a oonsequonoe of quarrying and other opoiations. 
Col. Batty e suggested various protective measures, which iuoludo 
the erection of crate bunds througlruut the length on Nala A, the 
fencing in and afforestation of the affected aica, and the construction 
of drains. 

Mr. Auden states that the general condition of tho hill side is bad. 
Below the adit tramway, tho dip of tho schistose and pJiyllitic rocks 
is soutJierly, parallel to the surface ol tho hUl. Both those rooks and 
^e overlying quartzites of the surge shaft, are strongly sheared and 
jointed, readily breaiing up into irregular splinters and fragments. 
The politic and micaceous minerals of the schists and phyllitos, 
on diantegration, produce a soft clay-like matrix in which are 
embedded boulders and fragments of rock not yet broken down, 
pihere results a ‘ boulder clay,’ which, when saturated with water, 
is very liable to slip. The greater part of the hill side is made up 
of a thick mantle of this deposit, which obscures the rock m situ 
beneath. It is well over 60 feet thick in places, but probably de- 
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croasos in tluckness towards the haulsigo way. The haiiUgo way 
tests on a slight ridge. Rock is not found in silu in the cuttings 
along this way, until up near anchor No. 3. The screes, which lie 
just to the south-east of this anchor, ha/o probably descended only 
a short way from their original rock outcrop. The existence of a 
ridge would certainly suggest the proximity of rock m sUu just 
below the haulage way, and not an excessive thickness of ‘ boulder 
clay’. 

Every factor of dip, jointing and mineral content predisposes 
this hill side to slip. However, since Nala A and the haulage way 
diverge more and more as the hill is descended, it is unlikely that 
slips low down in Nala A would seriously affect the stability of the 
haulage way. The possibility of stability being endangered is hi^er 
up, in between the sunken ‘ field ’ and the screes, but this is to some 
extent lessened by the almost certain decrease in thickness of the 
superficial deposits towards the haulage way. 

With regard to the causes of these slips, Mr. Auden states tirat the 
potential cause of unfavorable rock disposition is beyond control, 
but suggests that under normal conditions adjustment of the ‘ boul- 
der clay ’ to its solid rook foundation may lead to equilibrium and 
relative permanency in position of the ‘Iroulder clay’. The minor 
causes affecting this equilibrium arc those of river erosion and 
saturation of the clay matrix to the ‘ boulder clay ’ with water. Ero- 
sion has been inteirsified liy the* dtunping of debris from quairying 
operations and excavation works for the adit tramway, into Nala B, 
suid by the heavy monsoon of 1928, which musv have oxiHrsed a 
boulder-rich clay hij^i up in Nak A and have caused aggravated 
erosion lower down. Protective measures to combat these ktter 
causes have already krgely been adopted. Additional measures, or 
modifications, have been put forward in the reports of Messrs. 
Audon and Cargill : — 

(1) The debris from the quarries above the adit tramway should 
as far as possible bo diuuped away from Naks A and B, 
or, if possible, the quarrying operations should be closed 
down and moved to another part of the outcrop of the 
quartzites. 

(3) Besides the building of crate bunds, which will act as kteral 
support to the ‘ houldor clay ’ recently bereft of its support 
by erosion, and which will check the velocity of the water 
in spate, Mr. Ckigill proposes the revetting of the banks 
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uf the nala witk Louklcr cruteti, tliua preveutiug diceot. 
iiojukwjt of spate waters witli tire loot o£ the slips. 
Mr . Cargill points out that the buud lilliugs should uot be 
grouted, nor the downstream laces ol the biunls pjotected 
with cement concrete. Water coming down the nala 
should be allowed to find its way both over and through 
the bunds, 

(S) The construction of drains. Mr. Cargill remtuios that those 
should be phiced above l3io areas ol subsidence, and uot 
across them, and that they should debouch into Mala A 
in places where the bank is either low or stable. 


Gold. 


.j4. a gold-bearing locality in the crystalhue schists, w'hioh is 
locally known as Jamaw (aO'' 25' : 96'' 16'), occurs, according to 

, Dr. 11. L. Chhibber, ucar Woragahtawng (25'' 

Bunna. ^5 : 96 17 ), Mumcrous old pits with a gene- 

ral depth o£ lU to 12 feet wore seen in this 
neighbourhood. The locality is said to have been abandoned about 
14 years ago. 

Dr. Chhibber was informed that the Ikauhius of Jaiwa Ca (25° 
28' : 96'' 58'), Hpawuhyuu (20° 66' 30" ; 96° 62') (now deserted) and 


Ukakogatawng (25° 57' : 96° 42') used to wash for gold in the tihadu 
ilka, but the locality was deserted long ago. 


The Bauds o£ the Namsang Hka are reported to be rich in gold 
and in the past there used to be cousiderablu activity iu certam 
places. To-day the villagers of Laban (25° 52' : 90'’ 40') and W.i- 


kawmg (25° 00' : 96° 39') practise gold washing on a small scale, 

50. Ml. Wadia inspected some of the gold washing situs on the 
bed of the Indus in Cilgit and Chilas. The fairly extensive stretches 


Kashmir. 


of sand that occur along the bank, and iu the 
high and wide talus-fans and gravel-terraces 


skirting the bed of the river, have boon known to be auriferous from 


ancient times. The extraction of gold forms a subsidiary industry, 
fitfully pursued by the scanty population of this desert land, chiefly 
by a small community of gold washers {mnnia/ras) living in hamlets 
along the river. The Kashin ir Govmaunent issues licenses for gold 
washing at from Its. 8 to £s. IU per annum. The gold occurs as 
vjsihla dnst and pellets and rarely as small nuggets, in a deep black 
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sand oontaining predominant magnetiie w-th garnets, opiclote, /.it- 
con and other heavy minerals. Generally a whole family of viii~ 
nidid^ engages in washing for a season, the clay’s wage varjdng flora 
twelve annas to as much as three or four rupees. The .sunniaras 
exhibit great dexterity in handling the pan (a wooden boat-shaped 
dish, about feet long, called the H’ihti) much of the success of a 
family being due to the manipulative skill of a single operator. 

Although alluvial gold is Icuown to bo widely distributed in the 
Gilgit clistricit in the gravel-fans, terraces and sand-lKinks of the 
Indus, yet it is not known whether the aiuiferous content is sufficient 
to suppoit a modem organised industry. No gold-beanng lodes 
have yet been located. 

Prospecting for other precious metals, particularly those of the 
platinum group, offers some chance of success in parts of Ubo district 
where the sands derived from the iveathering of the serpentiiiised 
ultra-basic segregations have been concentrated at favourable sites ; 
such localities may occur around Qoclai (35° 8' : 75° O'), Kalapani 
(34° 40' : 74° 53'), Babusar (36° 9' : 74° 2'), and Pashwari (34° 46' ; 
76° 1'). 

Graphite. 

66. Graphite-schists with a h^h content of the mineral occur, 
according to Dr. H. L. Chhibber, at the following places in the 
Mvitkyina district : — ^near Lawa Htengsn (26° 
Buraa^*"" Tatbum (25° 30': 96° 50'); a 

little east of Mupaw (25° 52' : 96° 53') (uid 
between ’ Nhpum (26° 46' : 96° 51') and Warawng (25° 'll' : 96° 60'). 
The 3,068 hill beliweeu Kauri (25° 46' : 96" 61') and Auche (25° 43' : 
96° 50') is built of similar rocks, but it is doubtful if the mineral 
occurs in commercial quantities there. 

Iron-ore.^ 

57. A number of irregular blocks of schistose and massive haema- 
tite, ranging up two feet or more in diameter, were found by I)r. 

il. L. dthibber, not in situ, associated with 
^f porphyritic gneiss about one fur- 
long north-east of the Ngawmawalang Hka te'dge 
on the Myitkyina-Htawgaw road. 

^ Tlwfle occurrences were actually noted during field season but were 

reported in time for intrusion in the fast (general Bepovt. 
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Segregations of magnetite ocenr in liho mai’gin of a granite 
LatholitL. about a mile noith-wcst of tie Lagwi J’ass (25° 00' ; 98° 30'). 


Jadeite. 

58. Duriivg the course of his work in the Kamaing suh-division 
Dr. Chhibher paid a short visit to the jaddte mines to study the 
condition of the mining industry. 

'****'*'*' Tawmaw (26° 41': 96° 16') both the 

Kadon dwin and the Dwingyi were being 
worked. Dewatering of the Kadon dwin coramencod a1)Out the 
middlft of December, 1930, and the mine was dry by the 24th of 
January, 1931. Actual drilliug commenced two days later and two 
pnemnatic and t\vo hand drills were operated. Atiiung was con- 
centrated in the E. S. E. face, measuring .32 feet across in the footwall. 
In the grejTsh coloured Tpahm (albite) two lenses of jadeite were 
being followed ; one oeexmed on the E. N. E. and the other on the 
southern corner of the working ftieo. 'Ihe general direction of dip 
was south-east and the 'pahin in between was highly jointed, dipping 
S. S. W., at 60°. One of tho lenses w'as three feet thick with a thin 
layer of shin (amphibolite) at the top and bottom. 

It was observed that the atje or green variety, tho most valuable 
form of the mineral, is associated with small inclusions or irregular 
lentieles of sUn (amphibolite or amphibolo-schist) and tawmawite 
(chrome-epidote) and Dr. Chhibber thinks that the green colour luis 
developed as a result of the absorption of colouring matter from 
them. 

Dr. Chhibber made a rough survey of the Dwingyi and found that 
nine claims were being operated. 'Xhe ownom were Chinese with 
the exception of one Barman and one Enchin. 

The most remarkable event of the year in the jadeite industry 
was the working of the occurrence locally known as MawthU, about 
miles E. N. E. of Tawmaw (26° 41' : 96° 16') and about half a mile 
from the Lonkin-Tawmaw road. This was the biggest miTiing oamp 
during the season and, as a result, activities at Hwehka (26° 29' : 
96° 17') and other places received a set-back. 

The enterprise failed, however, because what the miners thought 
was a detrital deposit suitable for working by shallow pits was in 
^eaifify a large jadeite outcrop in situ. 
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Among the Utu boulder conglomerate workings, TTp-akangyi 
(25° 36' : 96° 18') was the biggest centre of activity, as six valuable 
stones were "won during the year. It was noticed here and else- 
where that the miners wore redigging the old pits and going deeper, 
as almost the whole of the ground occupied by the jadeite-bearing 
conglomerate has been dug over and consequently the jadeite 
boulders are getting scarcer. The future of the industry now lies 
in the outcrop mines at Tawmaw and elsewhere. 


Qaro Hills, Assam. 


Kaolin. 

59. "While examining the coalfields of Kongrenggiri and otbor 
in the Simsang Valley of the Gaio Hills in January and February. 

1931, Dr. Fox foimd that the most character- 
istic strata ol the Upper Cretaceous outliers, 
in which the coal seams occur, arc white sand')tonos and kaolin. 
The most northerly and therefore least attractive of these occiu'- 
rencos lies near Agalgiri, IJ miles east of Songsak (25° 38' : 90° 37'). 
The most evident exposure is that in the Simsang river and around 
the inspection bungalow of Rongrenggiri (25° 33' : 90° 33'). This 
kaolin is seldom absent from the Upper Cretaceous strata in the 
exposures below Sijii (26° 22' : 90° 41'), and the hills east of Eewak 
(25° 19' : 90° 40'). lie specimens brought by Dr. Fox from Kong- 
ron^iii are w'hite and suit.rbl(> for i,ho purptKses of china clay. The 
clay is sufficiently lovv in iron oxide to remain white after firing and 
consequently falls in the category of fireclay. 'The private explora- 
tions cnrrierl out in the Asilgaon Hill coalfield have shown that a 
bed of fireclay of good quality is found below the coal. 


Lead-ore. 

60. Galena occurs, according to Mr. Y. P. SondH, in stringers 
and thin veins in the aigillaceous limestone forming the steep hill 

one mile to the south-east of Alechaung 

SoSttSa‘siian Sfatw! = 96° S3'). A few old prospecting pits 

exist in the vicinity and pieces of slag were 
found in the stream bed below the hill. 

61. Dr. H. L. Ghhibber reported the discovery of old Chinese 
workings for lead-ore in limestone near the village ol Wang^te 

M^Ukylm district, ■ 9®* 6 )• 6oes not think the looalif^ 

Bttmta. possesses any commercial importaBoe. 
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f52. Six hunrlrofl yards wst of tlu* villaa;** of Mnliripar (21" 21' ; 
80° 52' 80"), quartz-veins containiiuj ores of lead aiul i-opper oeoiir 
ill a narrow liand of sO'cpIv dippiiH; sIuIpI' 

Cetrtra?PTO\1nces ***^*'’ **’’*‘^ ' ('iner 4 (<'s fiom an allu- 

vial plain. The total outei'op is alwmt 50 
yards long by 8 yards wide, and strikes N. - H. Ilie iivdn oi<‘-l«*ariny 
quartz-vein varies from one to live feet in tliiekia'ss, and runs N. iS. 
through the ocntre of the ex^iosuro, whilst smaller ore-l»e,iHng veins 
string out into the eonntiy-rook, 

'The ores present consist of galena, occasionally emdosed in 
cenissite and anglesite, with sulionlinate (piani.ities of elia.!(a»pyrii (*, 
malachite, azuiite, and cov(‘llit<*. An assiiy of a sample of galena, 
eanied out by Mr. .T. R. Hutchinson of Oalcutta on behsilf of the 
State, showed 57'88 per oent. of leatl and ;V02 ozs. of silver to Idu' 
ton. This must, however, have, been a s(*lect<>(l siimple, for Dr. 
S. K. (Thatterjoe, who visited this locfality in eotnplianes* with a 
request from the State, calculated that even in the riitliest ])art of the 
lode the percentage of galena docs not exceed 1’15. 

The long-known lead locality of Chandi Dongri (20° 4y : 80° 87J') 
on the Great Eastern Boad, about a mile west of Kanitalao (some 
tJuee miles west of Ghichola) lies partly in Khairagarh (northern 
portion) and partly in Nandgaon State, Central Provinces. A sliort 
note on this ooourrenoe by W. T. Blantord is included in the 
Becords, Geol. Burv. Ind., HI, page 45, (1870). According to T>r. 
Chatterjee, who visited this deposit at the request of the Nandgtion 
State, the ore (galena) occurs in well-mark(*d veins, chh'fly composed 
of quartz and fluorite, which strike north-south in a country rock 
of grey coarsely porphyritie biotite-granitc. Th<i whole hill probably 
represents a fault-zone. The original fault-rissures aj)p(‘ar to hnv(‘ 
been filled with pegmatite. During later movements, the p(‘gmutitt‘ 
was brecciatod and partly replaced by the ore-bearing quartz- 
flourite vein, whilst still later barren qimrtz-vcins cut across the 
former. 

The portion of the hill lying in the Nandgaon State is aliont 500 
yards long, 40 feet hi^, and from 30 to 80 feet wide. The flourite- 
quartz veins are more or less vertical, and occupy the greater part 
of the outcrop. 

In 1914 a mining lease for the extraction of lead-ore was granted 
over the area to Mr. T. B. Kantharia of Bombay. Six pit>s were 
sank, and ‘th« stone excavated was said to contain a very small 
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amount of lead.’ The percentage of load-ore in the lode ia consider- 
ably loss than that at Mnhripar, and tho occurronco is consequently 
of no economic use from the point of view of that mineral. The 
deposit may, however, be of economic value as a flux in opon-lieartli 
steel furnaces for its flourito content, though this is rather doubtful 
owing to the diflSculty of separating the flourite from the quarl/Z. 

63, Specimens of galena with quartz were sent to Dr. Cotter by 
the Chief Magistrate to the Nawab of Amb. These arc said to come 
Hazara district, N. W. ^om a locality called Charyali, tliree miles west of 
F. Province. ' Khald, Hazara district, (34^ 24': 73° 7'). 


Marble. 

64. Dr, A. M. Heron made a detailed examination of the cele- 
brated marble quaiTies at Malcrana, to advise the Jodhpur Durbar 
whether any improved methods of working 
St^e^Rajputana*^^^**^”^ could be introduced, or assistance given to the 
industiy. 

It is probably impossible to establish any improvements in tho 
actual methods of quarrying, because of tho multiplicity of quarry 
lessees, their poverty and their stubborn conservatism, but Dr, 
Heron has suggested moans by which transport might bo facilitated. 
It must be remembered tliat the quanies have been badly worked 
for over 300 years, and little can now be done i.o remedy the (ihaos 
that has resulted. 

A branch railway, wdth siduigs, runs along the western side of 
the ridge in which the quarries are situated over a length of five 
miles. Access to the sidings is im])edod by tho accumulation of 
waste from the quarries, and this should be cleared away where 
necessary. Along tho other side of the (jiiarries a metalled road 
should be made into tho town of Makrana, whore most of tho atone 
is worked up. Dr. Heron suggests the provision of sets of simple 
winches and hauling tackle, either on hire or for sale on the instal- 
ment plan, to improve tho painfully laborious and inoflioient ways in 
which the blocks are raised from the deep quarries. As to the futuro, 
the steep dip of 60 degrees renders an expansion of quarrying prohi- 
bitively costly in the direction of the dip, but prospecting mij^t 
be tried along the strike of 'the worked sections in the covered spaces 
between them, where tho btest of the rooky ridge falls below the 
surface of the sandy plains 
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66. ‘WhiirO marble of clolomitio composition, and identical -with 
tLat at Eajnagar, is reported by Mr. B. 0. Gupta to bo quarried for 
local building piuposes at Lawa (25° 14' : 74° 
6') “d Kosithal p° 19': 74° 13'); it is 
much used in the vicinity. 

Mica. 

66. Dr. S. K. Chatterjee reports the occurrence of mica in a 
snoall pegmatite vein about 20 yards long by 2^- yards mde and 

striking north and south throng line-grained 
Cenfrel ^rovlnces^****’ biotite-gneiss in the bed of a stream at Tilair- 

war (21° 2' : 80° 47'), Nandgaon State. The 
mica (muscovite) is white and unspotted, but the maximum size 
of the mica books does not exceed IJ square inches. The occurrence 
is of no economic value. 

67. Dr. Heron reports that the pegmatite dykes of northern 
Mewar often contain marketable muscovite in considerable amount. 

This mica is stainless and obtainable in pieces 
Udaipur SiatefMevar), seven or eight inches square. Super- 

Ra}putana. ficial diggings were tried with fair success 

during the Great War. 

Natural Oas. 

68. The Executive En^eer, Dacca Division, Eastern Bengal, in- 
formed this department that a tube-well under construction had 

, , struck gas in a small village named Saiarmul 

(Kaipassa) in the Kishorganj sub-division of 
the Mymensin^ district. TMs was the first 
occurrence of natural gas reported from Eastern Bengal. Mr. A. M. 
N. Gho^ was deputed to the locality in order to investigate the 
cause of the outburst. As the omission of gas had completely ceased 
before Mr. Ghosh visited the locality, he collected information about 
the occurrenoe from several people who happened to have been there. 
It appears that a tube-well boring after passing throng a layer, 16 
feet thick, of carbonaceous clay containing remains of semi-de- 
composed carbonised woody materials foxmd at a depth of about 
170 feet, stuck at 210 feet below the surface. In the course of lifting 
it out, the casing was kept at a level of 176 feet from the surface 
ibt^e the carbonaceous clay bed. On the 11th March, 1931, at 
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midnight, an underground nimbKng was heard and a gas which 
proved to be inflammable issued from the pipe. The first outburst 
of gas was followed by a continuous flischargo of a mixture of gas, 
water, mud, and silt. This phenomenon lasted for 7 days and 
varied in intensity and violence. On the last two days black carbo- 
naceous mud was ejected alternately with gas. The violence of the 
outburst diminished after the first few days and later on, when the 
casing was taken out, it subsided gradually. As the outburst of gas 
took place while the casing was inside the carbonaceous clay bed 
containing remains of decomposed vegetable matter, it is suggested 
that the boring struck a local zone of pressure resulting from an 
accumulation of marsh gas. Methane or marsdx gas is known to be 
formed in swampy places from decaying vegetation. 

Mr. 6hosh also collected some gas that was bubbling through the 
water in a neighbouring tank, and two bottles of gas sample j wore 
sent to Prof. C. Forrester of the Indian School of Mines, Dhanbad, 
for his opinion. The average result of tlireo analyses is given 
below : — 

Per cent. 


Methane and other saturated hydrocarbons . , * 81 

Unaatnratod hydrocarbons »{{ 

Carbon monoxide nff 

Carbon dioxide ........ 4.-0 

Hydrogen 2‘8 

Nitrogen (by differonce) 10'4 

1*2 

Total . 100-00 


69. Beports of a somewhat similar occurrenco come from Burma 
whore a boring for water at a rico mill at Tlietakla, Kawa township, 

district (17® 2' ; 96® 36') encounta:^ 

egu c , urma. ^hioh was used for lighting 

and cooking purposes on a small scale. This gave rise to rumours 
of the occurrence of petroleum under the south Pegu plain and 
Mr. L. B. Sharma, Chemical Assistant to the Burma Party, was 
deputed to investigate the question. He reported that the gas was 
marsh gas (methane) from a layer of eoarse-grained sand, 5 feet 
thick, 160 feet below the surhice. The gas sand was sealed above 
by a thick layer of bluish, sandy olay, but the diminution of the 
pressure and volume of the gas within a few months showed that 
the supply was limited and the sand of no great lateral extent. 

p2 
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Chemical tests prove the absence of heavy hyclrocarbons, and 
the piescnco of decayed vegetable matter in the boring samples shows 
that the gas is not associated with petroleum but was ]>robably 
formed by the slow decomposition of vegetable matter in those 
deltaic deposits. 

70. It has become a matter of importance to collect and summa- 
rise our information upon the natural gas resoraces of Burma. This 

work has been entrusted to Mr. C. T. Barber, 
nt RH ma* fwoufceg Resident Government Geologist at Yenanaryaung, 
the co-operation of the oil-producing companies 
has been secured aud it is hoped that the investigation will be 
completed during the cuirent year. 

71. At the request of the Director of Civil Aviation, arrange- 
ments have also been naadc for the collection of ssrmples of natural 

„ . , , gas for the determination of their helium con- 

Hehcmmnaluralsas. 

galore, has undertaken the analysis of the samples. 


Petroleum. 

72. I/fr. C. T. Barber held charge of the office of Resident Geo- 
logist, Yenangyaimg Oilfield, throughout the year. Amongst the 
subjects upon which he gave advice was the 
YenmS^auns Olffieu!*’ piopo8®d amendment of the Burma Oil Fields 
Act, 1918, in which, it has been felt for some 
time, insufficient prominence is given to the conservation of oil 
and gas. In order to bring the Act into lino with modem practice 
in the conservation of oil and gas, it is necessary to redraft nearly 
Amendment o! (he clauses dealing with the control of drill- 

Bunna OH Fields Act, ing and producing operations. Proposals for 

****** redrafting these clauses were made by the 

Warden of the Oil Melds in consultation with the Resident Geologist 
and the proposed draft has also been the subject of comment by 
Dr. Oo^in Brown. 

Recommendations have been made by the Resident Geologist 
for the prohibition of the penetration of deep or unknown horizons 

Precautions tor drilUne ^ pressure fittings have 

through deep or un- not been installed. The installation of high 

known hoflzccs. pressure fittings is necessary both for the pro- 

teot^n of |iiodactive sands from water under hi^ pressure during 
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the diilling of wells, aud also for the control of oil and gas on/lor 
high pressures. 

73. During the year Mr. G. T. Barber visited the Indaw oillicld 
in the Upper Chindwin district, Bnrjna. Ue was allowed to study 
the large-scale geological map prepared by the geologists of the 
Indo-Burma Petroleum Company and the production and drilling 
records of the Company. The following summary of his report is 
published with the concurrence of Messrs. Steel Brothers, the 
Managing Agents to tlie Company. 

This field is situated on an inlier of Pegu rocks some 18 squiu’o 
miles in area. Structurally it is an elongated dome, the axis of 
Indaw Oilfield, Upper oriented in a N.N.E.-S.S.W. <lirection. 

Chindwin district, Bur- The structure is distinctly asymmetric, dips 
on the cast flank rising to 6?)®, while those 
recorded on the west flank rarely exceed 20°. 

The exposed members of the Pegu series present a dominantly 
sandy facies, and the highest members consist of soft buff sandstones, 
differmg in lithology from the overlying Irrawaddian sandstones 
mainly in the rarity of small quartz pebbles, which are abundant 
in the lower members of the Irrawaddian series. In the lower 
exposed members of the Pegu series thin beds of clay and shale 
make their appearance, and are still more prevalent in the strata 
which have been penetrated l)y the drill, but reniain, in the horizons 
yet penetrated, subordinate to the sandstone menvbers of the 
series. 

In an area of approximately a quarter of a squai'o mile, centrally 
situated on the Pegu inlier, oil sands occur between the depths of 
800 and 1,200 feet, and it is from this zone that the bulk of the 
present oil production of the field is produced. Water sands occur 
above the main oil zone at depths varying from 50 to 600 feet, but 
they are under a low head and water is not a serious problem as far 
as this zone is concerned. 

No oil sands of proved value have yet been moountered below 
this zone, but in Well No. 44 oil sands that may possibly prove 
productive were encountered at depths of 1,964 to 1,979 feet and 
1,990 to 2,005 feet. 

All the test wells drilled to any considerable depth below the 
main oil zone have encountered gas under hi g h pressure in sands 
ranging in depth from 1,300 to 2,900 feet, and most of them have 
also encountered water sands under high pressures. 
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No oil sands oX i^rovccl cojnniercial value have yol been discovered 
outside tlie small x)i‘oved area, situated in tLc centre of tlie inlicr, 
but high pressure gas sands have been recorded in tlio logs of two 
wells situated on adjacent portions of the structure. 

This field has been developed in the face of difficulties of trans- 
port and climate unparalleled in any other developed field in Burma. 
Since their entry into the field in 1912 the Indo-Burma Petroleum 
Company have drilled 41 wells to the productive zone in the proved 
area, and the limits of production have locally been proved on the 
east and west. In addition, 4 test wells have been drilled below the 
productive zone in the proved area. Of these Nos, 1, 11 and 22 
were discontimied at depths of 1,808, 2,539 and 2,754 feet respect- 
ively on account of liigh gas pressure. No. 44 is still in progress at 
a depth of 2,953 foot. Six test welln have also been drilled on other 
I)ortions of the structure to depths varying from 219 to 1,842 feet. 
None of these outside test wells having yielded oil on a commercial 
scale, the Company have concentrated their recent testing opera- 
tions in the area already i)roved to contain the main oil zone, which 
in the opinion of their geologists offers the best prospect of production 
from greater depths. It is improbable, however, that in the event 
of these tests proving abortive the Company will withdraw from the 
field until they have thoroughly tested other portions of the struc- 
ture. It may be assumed with equal confidence also, that the dis- 
covery of a good deep sand in the proved area would be followed by 
exploration for it in other portions of the structure. 

Commercial quantities of oil were first obtained froan Jndaw 
in 1918 and since that time the lu'oduction has risen, with minor 
fluctuations, to a peak of 70,640 barrels in 1929. Failuig some now 
source of lu'oduction, it can 1)0 mamtained at this level only l)y the 
drilling of some six or seven productive wells per annum. In view 
of the difficult nature of the topography, and the lixnits of produc- 
tion having been reached on the east and west of the productive 
area, tho location of these wells is becoming a matter of increasing 
difficulty, and Mr, Barber shares with the advisors of tho Company 
the view that the future prospects of the field are bound up in the 
possible existence of prolific sands in horizons not yet penetrated. 

The natural gas resources of the area are very great and at the 
present time there is an available production of some 12 million cu* 
ft- day- Furthermore, in view of tho very slight decline in yield 
and in working pressure of Well No. 1 during the post 16 years, if 
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may Le concluded tliat the reservoir from wliicli tliis well is drawing 
its supplies of gas is of very great oi.t»‘ut, and, ajuiit from tlio possi- 
bilities of mechanical trouble in the well itself, it may bo coutideirlly 
anticipated that it will continue for many years to yield a produc- 
tion not greatly inferior in volume to its present production. 

It is not possible at the present time to make any accurate 
volumetric estimate of the potential production of gas from sands 
which have been encountered in test wells and which aie now sealed 
off, but in view of their great lateral extent, and the high pressures 
which exist in them, there can be no doubt that their potential i^ro- 
duction greatly exceeds the present available production of some 
12 million cu. ft. per day. 

74. On the occasion of his visit to Iiidaw, Mr. Barber also in- 
spected the test well of the Btumoh Oil Co,, Ltd., at Tenan (23° 

56' : 94° 30'). This well is situated slightly 
culmination of the dome of 
an aejinmctric anticline, on the east flanlc of 
which dips vary from 20° to 45°, and on the vrost flank from 10° to 
20 °. 

Gas seepages are conspicuous in the Yu River where it crosses 
the crestal portion of the anticline, and 450 feet south-east of the 
well a small mud vent is active. Another small mud vent is situated 
south of the Yu River, some 1,450 feet south of the well. Apart 
from the gas seepages, the phenomenon which impiessed Mr. Barber 
most was the intensive shuttering to be seen in the sandstone beds 
exposed in Ihc southern portions of the Yonan Ohaung and in the 
thin seams of low grade coal that outcrop there. 

Progress iu the test well was slow owing to gas pressure and heav- 
ing fonnations, and in January 1931 the well had reached a depth of 
976 feet. 

Salt 

75. Several brine springs were noted by Dr. H. L. Chhibbet 

during the course of his survey of the Kamamg 
^’***^'*' Buh*division of the Myitkyina district. They 
are noted below: — 

Tagum Jum (25° 27': 96° 60'). 

Shadu Jum (26° 67' 80': 96° 60'). 

Pflan Jum (26° 45' 30': 96° 48' 80'). 

On the Pidaung Hka (26° 26': 96° 17'). 

On the Sahmaw Elka {25° 16': 96“ 46'), 
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Salt is fivqiiuijtly loainifactmed by the local KacLios at tbose 
localities. 

Brine sjuiujit! wt'cc Juiind by JDi". iJ. L. Cbbibber at tlio follow- 
ing additional place, ■< in another part of the same district : — 

(]) About 1(M> yards S.S.E. of tho point where the path to 
Wujuan leaves the Senikii Eoad (25° 26' : 97° 4.2'). 

(2) Ou the ntawgaw road 57 paces to the south-east at a ])oint 
S.'IO j>a(ies short of nailo post 61 (25° 4:6' : 98° 1'). 

(6) A short to the south-east of (2). 

(4) Near tho third bridge in tho 20th mile of tho Scniku Road. 

Sulphur. 

76. Mr. If. Al. Ijiihiri reports that springs charged with sulphuret- 
ted hydrogen wer<' noticed u<‘ar tlie hoiuidary of the nujnmulitic 

(Liiki) limestone with the Kamlial-Murree sand- 
^Jhahpardlslrlcl,Pun. Suleman (32° 

38': 72° 1') in sheet 43 D/2. 


Wafer (see also Engineeriug questions). 

77, Mr. Leicester ('ojnpletod his invest igat ions of the sources of 

„ , „ uudei‘gi*ound water at Bassein. mentioned in 

do G«n»»l Boi»rt. 

After ooUooting data about tho existing tube-wells and tabulating 
numerous analyses of tho water obtained from these wells, he was 
able to prove the existence of two gravel l>eds in the Lower Delta 
Alluvium diijpiug towaj'ils the river. The upper gravel is, on the 
whole, not so coarse tinder tlie higlicr ground as the lower gravel, 
whicJi has a thickness there of about five feet. The top of this bed is 
at a reduced level of — 117 feet (0. T. S. datum) at Myetto, and 
—119 at Kanthonzin, whence it dij)S towards the liver until it is at 
E. L. — 14C at tho Victoi*ia Gardens tulje well near the river bank. 
The lower gravel bed ap])ears to be coarser, thicker, and rather 
less regular than the upper gravel hod and the top of the former is 
at a reduced level of— 212 at Myetto, about — 246 at Kanthonzin, 
and round about — 260 to — 300 near the river. 

A study of tho analyses shows that wells sunk into the lower 
gravel yield hrackish water (36 to 68 parts of chlorine per 100,000) 
with high total solids, while wells sunk into the upper gravel, and 
situated not far from the river, yield fresh water (2 to 11 parts of 
ohloirmo per 100,000) and low total solids. 
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A test conducted duijpog the night of May lOtJi-lJtlj, 11)30, on 
the Victoria Gardens tube well, which is situated some 200 feet 
from the river bank, showed a 3-foot variation in static water level 
with a 6-foot tide, and this establishes the connection between the 
river and the upper gravel. 

In Mir. Leicester’s opinion the brackish water represents a vast 
store of occluded sea water l 3 dng beneath tho delta. Further 
pumping might draw in more brackish water, as the supeilicial 
covering of impermeable Upper Alluvium prevents any large quan- 
tity of rain water from percolating downwards and diluting the salt. 
On the other hand, the more superficial fresh water of the zone 
bordering the river must be derived from the river itself, the water 
of which has been shown to contain less than one pait per 100,000 
of chlorine and remarkably low total solids. 

Of numerous schemes which have been suggested for tho improve- 
ment of the water supply of Basseiu, Mr. Leicester has poinled out 
that tho one which advocates the drilling of tube wells, located near 
the river bank, into the upper gravel bed would require very bttle 
further investigation. It would be necessary to select a place 
where this bed was known to exist and tho connection with the river 
had been proved by tidal variation of water level in a test well. 
Though with increased pumping, the water niight become slightly 
more brackish, it is extremely improbable lhat the water would ever 
become as salt as that at present obtained from tho Kauthonrin 
wells. tJurfaco contamination could be overcome by avoiding tbe 
unsavoury bazaar area of tbe town, but bacteriological contamina- 
tion duo to tho river water, which might not be sufliciently filtered 
in its joxuney through the porous sands and gravels, might have to 
bo dealt with by chlorination or some such motJiod. 

Another scheme, that of deep surface wells and galleries along 
the river bank, would need further careful investigation. A site 
would have to bo chosen where the river banks were known to bo 
iwrouB and tests of tidal variation of water level would have to bo 
carried out. This scheme has the advantage, however, of freedom 
from possible contamination of tho water by tho deep-seated and 
inland saline waters. 

78. Mr. Leicester completed his investigations into the geology 
and tmderground water supply of Eangoon and has submitted a 
j. report dealing with these questions. After 

describing the geology of Eangoon and but- 
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rounding country in detail and outliniiig the geological liibtory ol the 
area, a tentative coirelution oE the ricibtoceno dcpo.si(b oJ llangoon 
with those in Dpper Buima recently studied by Mr. T. 0. Moiiis 
of the Indo-Buijna Petroleum Co., and changes of soa-lovel brought to 
light by recent oceanographic research in the Indian Ocean, is niade. 

The remainder of the report deals with the underground water 
of Rangoon, with special reference to the numerous tube wells which 
have been simk in and around the city. Mr. Leicester has divided 
Rangoon into a number of easily defined blocks and discusses the 
conditions pertaining in each block, the different horizons frorn which 
water is obtainable, and the barren, brackish or unprofitable areas. 
It has been shown that on the west of the Rangoon ridge the origin 
of the underground water is not from the north by underflow parallel 
to the river but from the porous catchment area of Lower Delta 
Alluvium flanking the main ridge of In-awaddian rocks. The 
question of the ingress of brackish water has been studied, and, 
after estimating the volume of the ordinal store of fresh water in 
the porous bods, the probalde annual contribution of fresh water is 
balanced against the estimated quantity of water extracted. Though 
there would appear to be a slight balance in favour of the fresh water, 
in the absence of any appreciable underflow from the north, the 
irregular distribution of the wells and the large quantities of water 
extracted within limited areas will probably result in certain areas 
becoming brackish. This would occur where the river water and 
the deep-seated saline water of the delta have easy access to the 
water-bearing sands and gravels. 

Mr. Leicester recommends that no further wells should bo sunk 
in certain blocks bordering the river in the south, where groat (luan- 
titios of water are being extracted and the salt water is adMinchig 
inland. Ue also recommends pumping at the time of low tides and 
restriction of pumping at high tides in those blocks and suggests 
two periods of six hours in 24 hours. Any great increase in the 
extraction of water to the oast of the area bordering the river bank 
in the south would harm existing wells In certain blocks. On the 
other hand there is room for a limited inmeased extroction of water 
to the north. 

Besides Rangoon the cases of Syriam, Insein, Thingangyun, 
Panhline, Seikgyi, Dalla, Eanoungto and Dawbong are considered 
separately. Questions of contamination of the water by the hy- 
dxsted oxides of iron, and of vegetable and animal contamination 
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aro also dealt with. The icport inoliulot. a l.ihle ol jwi I iui Lnt. ol 
419 tube wells with references to 117 stiala logs iu ilie 
of the Geological Survey of India. There is also a table o] ov<‘i‘ a 
hundred analyses of water from tube wells in and around Eoxigoou. 
Accompanying the report are also numerous diagrams and horizontal 
geological sections, a geological map of Eangoon and three maps 
showing clearly the distribution ol successful and unsuccessful wells. 
The appendix includes a short note with illustrations, by Mr. D. D. 
Grabbo, Assistant Engineer to the Port Commissioners, Eangoon, 
on the structiue of the recent alluvium as revealed by numerous 
borings along the river bank. 

79. The draft notifications which it is proposed to issue under 
sections 1, 2, 6 and 6 of the Burma Underground Water Act, 19D0, 

to which attention was directed in the last 
Annual Report, wore published during the 
period under review. The Government of 
Burma has extended all the provisions of the Act to the City of 
Eangoon and the districts of Hanthawaddy and fnsein. It Iras 
also been declared that the Act shall apply to all tube wells exceeding 
a depth of 60 feet below ground level in these areas. 

Hre notification proposes that copies of all temporary and per- 
manent licenses granted under the Act, shall bo forw.rrded to tbo 
Director of the Public lliMlth Institute, to the Supeijnt'mding Engi- 
neer of the Public Ileoloh Cucle and to the Superiiitondcnt of the 
Burma Party, Geological Survey of India, lUngoon. 

80. Dr. Cotter was deputed in February to ox.umao the borings mado 
by the Agricultnral Dop.irtment at Khaima Dak and otihor localities 

m the Eawalpindi basin. Tho wator-oondi- 
PunfS!****”^* ^*******' basin have boon ahoady oxaminod 

by this oifioor^ and Mr. D. 17. Wadia.® Dr. Oottor 
considors that artesian water will bo found only in the vicinity of 
Ehanna Dak, and that a policy of water-conservation should bo 
adopted, (1) by keeping tho borings fairly far apart, say at dis- 
tances of a quarter of a mile, and (2) by providing eadh bore with a 
stop-cock, so that the water can be cat ofi when not required. 

In April Dr. Cotter visited some wells at Eallar, about 25 miles 
south-east of Eawalpindi. Two wells had been deepened lo'' boring into 
tile Middle SiwalikB. Dr. Cbtter recommended that Bh. Besat Singh’s 

1 Bee. aea. Sun. Jni. ISJO, p. 72, (1920). 

*Op.eu.,ixv,v.e»nm), 
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woll Bliould b(( clo()f)Cii<!cl by boring throiiglx tlio Shvolik oloyB, wliicb 
(lij) at an angle 45,'’ into tins next lower bod of Siiiulstouo, Init 
couBidora tluit, owing to tho ratlier stoop dii), tho additional water 
inado avtiilablo will not bo large. 

81. Mi. D. N. Wadia was iiskod to examine tho possibilities of 
obtaining tmdergronnd water at certain proposed sites in tho drier 
parts of Potwar in the Jhelum district. The throe 
Jhelmu di8lrk(, Pun- viu^igeg (330 9' . 79° 50'). CSbak Galdiar 

(32° 58': 72° 48'), and Dani Ddhra (32° 66': 
73" 20'), stand on subordinate water-i)arting8 with deep raviiu's on 
cither side, so that their water-supply will always bo a difficult pro- 
blem. Tube wells are not likely to bo successful unless tho boring 
is Ciuriod woll below the level of tho ravines, i.e., about 300 ft., when 
considerable pimipiug will be nocossary. 8teps may, however, bo 
taken to conserve the rain water by stnall dains across the nunioroos 
ravines and by moans, of tanks. No costly structures can, however, 
in the opinion of Mr. Wadia, bo recommended lor these, for tho soft 
porous rocks of these localities are liable to permit enormous leakt4;e 
from artificial reservoirs. 

Tho belt of country lying further west, between Ohakwal 
and Kariola from north to south, and between Bhaun (32° 59' ; 72° 45') 
to Sjudi)ur from west to east, has a geological structure very favourable 
for tube wells. The nearly horizontal beds of coarse sands will be 
found to be good carriers of underground water under imperfectly 
artesian or somi-arteaan eondition. Large-diameter wells also are 
likely to be successful. The rooks are alluvial clays and sands with 
pebbles, overlying Upper Siwalik strata, the beds being bent into 
a very shallow synclinal fold. 

At Sohan (33° 4' : 73° 26') a large-dhiraoter well of moderate 
depth is likely to tap a good supply, us tho capping of coars<*, soft, 
alluvial sands on the bed-rock of tho country is of good storage 
capacity. 

The village of Maugwal (33° 60' : 72° 50') is situated neat the 
edge of a plateau with a steep scarp falling 250 ft. to the wide sandy 
bed of the Bhagne £as. The bed of the Bhagne £as is a good 
and infallible reservoir of water and supplies may be pumped from 
diallow pits with filter cribs, at the edge of the scarp, thus obviating 
the expense of speculative borings. Tho present deep dug well at 
Mangwal is a total faJluie, but there are a number of good wells on 
Bhagne supporting a fair amount of agriculture by irrigation. 
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82. Tho waller supply of tho exfcromo oastem part of the Punjal) 
Salt Rang;o has already been discussed . Mr. E. R, ftee is now 
ab'c to report upon tbe ar<'a bofcwoon Rusak 

PuB”“ (^2“ 30' : 

72° 30') aa tho result o£ investigations carried 
out during the course ol systematic field work in those areas. 

In regard to the alluvial tracts of plain coiintiy to tho south of 
the Salt Range, Mr. Geo observes that at least in those areas approach- 
ing tho foot of tho scarp, it is not so much a 
nf ’’ pi‘4 A°°“*** question of obtaining water, but of obtaining 

supplies of suflficient purity to be fit for 

human consumption and for agricultural purposes. All the main 
gorges of these slopes have eroded thoir courses through tho Salt 
Marl deposits of tho Range, and tho drainage is, therefore— parti- 
cularly after heavy rain — decidedly saline. Mr. Gee suggests tliat, by 
selecting sites for wells as far as possible away from these main 

drainage channels, the chances of the water being saline would be 

minimised. Regarding tho reported encroachment of tho saline 
alluvial tract to the south of Khewra (32° 39° : 73° O') and Dandot 
(32° 39': 72° 68') towards tho Jhelum river east and west, of Pind- 
Dadan-Khan (32° 36' ; 73° 3'), Mr. Geo is of tho opinion that this 
noay be largely duo to tho greatly decreased flowago of fresh water, 
in these lower portions of the Jhelum river, during recent times, 
lie iioints out that, as a resxdfc of tho tapping of the Jhelum river at 
Mangla (33° 8' : 73° 39') and Rasul (32° 42' : 73° 33') for pmqwses 
of irrigation, the amount of fresh water which now drains through 
tho lower stretches of tho Jhelum and the adjoining alluvial deposits 
to tho south of the Balt Range has very appreciably decreased. 
This, Mr. Geo suggests, explains, at least to a largo extent, tho 
gradual encroachment of tho saline tract towards the Jhelum river 
witliin tho memory of many of the present inhabitants. 

In regard to the water supply of the scarp slopes of this portion 
of the Salt Range. Mr. Geo points out that the Numraulitie Lime- 
stones, which cap tho slopes, and which vary from about 200 feet 
thick north of Knsak to over 300 feet in the Nilawan ravine, form 
the principal permanent reservoir. These limestones are underlain 


hy relatively impervious shales ; as a result, all the maiu teh water 
springs which feed tho various streams of the gorges, flow frmn the 
base of the limestone roolm. Ho oliservea that this spring water has 
been tapped in the Khewra goigo, and at Moorjhang (32° 40' : 72° 43') 
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in onlor to fiiipply the tcqaiTompnls ol Kbcwra (33° 39' : 73° O') 
ntul of liilla (33° 33' : 72° 45') rospoiiivoly. Otlior hinaildT springs, 
near tlio top of tho sp.np, yiolcl a largo wipjtly wliicTi migiit woll bo 
Tifiod to Kitisfy tho needs of the itdiiibit.mts of the plains to tho south 
of tho Bangc. 

Tho area west of tho Karangal and Biljaba ridges, and north of tho 
Dalwal (32° 42' : 72° 63') plateau is composed of Siwalik strata. Mr. Gee 
observes that the water supply of these tracts is derived from springs 
rising from the Nummulitics of the northern edge of the Salt Eango 
plateau and from the Siwalilcs to the north, from several of the larger 
nalas which intersect tho area, and from woUs sunk in the massive 
sandstones. Ho suggests that in many cases similarly located wolls 
would yield a moderate supply of water, — sometimes sli^tly sidino, 
though usually palatable — at moderate depth. 

Tho Dalwal plateau, strotohiug from Ghoa Saidan fShah (32° 43° : 
72° 69') to beyond Kharder (32° 44' ; 72° 47') and northwards to 
Khajurla (32° 46' ; 72° 69') and Ehokhar (32° 47' ; 72° 49') is com- 
posed of a number of cast-to-west valleys in which tho Nummulitio 
limestones are overlain by a portion of the Eamlial sucoession or 
by alluvium. Those valleys are separated by anticlinal or horsh- 
Hke ridges of ihe hTummulitics. Mr Gee notes that the present 
water supply is either derived from springs issuing from the lime- 
stones, fmm large artificial tanks, or from wells sunk into the 
alluvhd or Eai^al beds. Of these limestone spring the Eatas 
(32° 43'; 72° 67') spring feeds the Choa Saidan Shah stream, and 
during the annual fairs the water is filtered and piped down to Gboa 
to meet the requirements of tho numerous visitors. The water 
level in the alluvium and Kamlial beds of tho Dalwal valley varies 
from a few feet up to over 100 feet. Mr. Gee notes that several 
wells excavated into tho upper part of the Nummulitio Limestones 
have yielded no water, and in this connection ho points out the 
futility of excavating such wells unless they are carried down to 
the lomr horizons of the Hmestones. Were these lower horizons 
penetrated in tho ^nolmal valley areas, Mr. Gee is convinced that 
they wonld tap large supplies of fresh water, m many cases under 
axt^ian or sub-artesian conditions. The limestones vary from 250 
feet in the east to about 300 feet in the west of the area, and the 
advisability of bore-holes in some oases is advocated by bim . In 
this connection he oites the ease of a bore-hole which was put down 
some years ago with the object of proving the coal horizon beneath 
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the hTuimiaulitic limeBtoncs a short distOpiice west of Tatial (82“ 
44' ; 72® 66'). When the basal zones of the limestones were reached 
artesian water flowed from the well. 

Mr. Gee notes that the Baudot plateau, and the Chittidand 
plateau just west of Makrach (32® 40' : 72° 64') are on Kninmulitic 
Limestone badns, and that it is probable that good supplies of sub- 
artesian water could be obtained from the central parts of these areas, 
and also just north of Waralah (32° 41' : 72° 50'), by bore-holes 
carried to a depth of about 250 feet. 

The Sardahi-Bhuohal Kalan plateau further west is also a 
shallow basin, composed of the Nnmmulitics overlain by basal 
Kamlials and by alluvium. Mr. Gee notes that the villages between 
Sardahi (32° 42' : 72° 43') and Eansial (32° 3': 4 : 72° 41') obtain their 
supplies cither from springs issuing from the Kamlials, from wells 
sunk in the latter beds or in the overlying alluvium, or from largo 
tanks. In the case of the villages to the south and west the position 
is more acute. Bearding Bhuchal Khurd (32° 40' ; 72° 42'), Mr. Geo 
su^ests the excavation of a well in the Kamlials to the north of the 
village, whilst for the villages of Bhuchal Kalan (32° 41' . 72° 38') 
and Jhamrah (32° 43' : 72° 37') he advocates the digging of wells 
in the adjoining alluvium or the sinking of bore-holes — to a depth 
of from 260 to 360 feet— down to near the base of the limestones. 
Such bore-holes would, in his opinion, yield an excellent supply. 

At the request of the Sub-divisional Officer, Boring Operations, 
Bawalpindi, Mr. Gee reported on the prospects of finiiing water by 
boring at Bhuchal Kalan (32° 41' : 72° 38'), Kherdher and Thoa 
Humayun (82° 61' : 72° 48'). The first two villages are within the 
tract referred to above, whilst Thoa Hu3nayun is three miles east by 
south of Bhaun in the tract reported on by Ifc. Wadia (see para. 81). 
At the first two looaHties Mr. Gee recommends shallow hand-dug 
wells in the alluvium; and only if these are unsuccessful does he 
recommend borings into the underlying limestone. At Thoa 
Humayun Mr. Gh^e thinks a deep bore into the Upper Siwahks should 
prove snccessful, except for the possibility that the water may be saline. 

83. In April, Br. Cotter visited the JuUundur Boab, at the 
request of the Punjab Govempent, in order 
Pall of water-table in to study the causes of the fall of the water- 
Jtillunditr Doab, Pimjab. table in the Hoshiarpur and JuUundur dis- 
tricts. 

1 See. Qedl. Svr. lnd„ ISJIl, pp. 76-78, (1990). 
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Piinco 1908, tlio fall in tlio walcr-tablo has been a matter of 
increasingly grave concern to the Punjab Government. It had 
been suggested that the caithquako of April 4th, 1905 might have 
boon a contributary cause of the fall. Dr. Cotter is of opinion 
that this is not so, since the evidence recorded on the files shows 
that tire fall was gradual and that the depletion surface follows the 
intensity of irrigation from wells. The account of the earthquake by 
Mr. C. R. Middleroiss shows that there was no sharp fall in the water- 
table after the earthquake, hut that on the conirary the efliect of 
the quake was generallj' to loosen the soil, and render the outflow 
of springs generally more copious. The two main causes of the 
fall are generally agreed to be decrease in rainfall and increase in 
wehs used for irrigation and increase in well-irrigated or chain land. 

The cause of the dec-rease in rainfall may he connected with 
the deforestaiion of the Siwaliks. At the same time, this defores- 
tation has rosnlfed in the flow of surlacc water being no longer 
regulated by the presence of forests; the river Kasioin Bein and 
the choe (torrent-channels) of Hoshiarpur are more subject to sudden 
floods than fonncrly, duo to the intenser ran-ofi in deforested land. 

The increase in wcUs and in cliahi cultivation places a two-fold 
strain upon the ground-water, in that the demand upon it is higher, 
while the percolation of rainfall is reduced by a more active eva- 
poration. 

It is asked whether the deficiency in water can be made up by 
exploiting the deeper water-sands, as for instance that which is 
frequently found about 200 feet below the surface. Dr. Cotter 
thinks that the deeper sands are in hydrostatic connection with 
the ground-water, because : — 

(1) the hydrostatic pressure ajipears to be the same ; 

(2) it is to be assumed that the beds of ia])idly alternating 

sand and clay which make uj) the bulk of the Jndo- 
Qangotic alluvium arc not continuous slieets, but viewed 
broadly, of a lenticular type and discontinuous, permit- 
ting of a permeable passage downwards; 

(3) the Indo-Gangetic alluvium has been shown by drilling 

experience to be a weak incoherent deposit, such as 
could not reasonably be expected to be capable of effect- 
tuaUy separating two water-strata under differing pressures, 

(4) the upper and lower sands are already connected by per- 

forated pipes in a great number of wells. 
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Tho wator-table will therefore probably continue to fall, whether 
water is rlrtiwu from above or below. 

It mov bo noted that dee]> sands do not contain so much water 
jrenorally as those near the surface, by reason of the closer packing 
of the sand-grains due to the siipei imposed weight. In addition, 
the exploitation of 'water sands }»olow 6(^0 or 800 ft. in depth is 
probably difficult owing to blows of sand or mud that choke the 
well. 

The question of well interference becomes imj^oitant when deep 
sands are -worked, and a vigorous exjdoitat’on of the deep sands 
might lead to serious loss of money through a decline in yield due 
to well intciference. 

Dr. Cotter aaiees with the piojosals cf Mr. Eol oitfion, Super- 
intendincf Engineer, Walerloeging Investigation Circle, Lahore. The 
latter ofTirer rccommendh the construction of low embankments 
{^wafs") in laiu-crop or hnani land, so as to minimise lun-off, and 
suggests tliai some means ol uiilising the flood water of the Eastern 
Bein might be adopted. 

Wolfram. 


84. On the western flanks of hill 4,832 to the east of Pawlamaw 
(20® 37' : 9G® 52') and near the southern end of the Hcho-Mawnang 

Yawnijhwe State, numerous dumps from old 

Southern Shan Stales, trenches and ])its which w^cre forjiUTly worked 
for wollram. Acfoidirig to Di, Coggin Brown, 
the country rtxks are mainlv hard, fine-erained, silt-stones crossed 
bv thin <iuart;; stringers and veinlets. Tin* quartz is granular and 
crystalline, exhibiting irregular vugs wdth ]>yramidal quartz termi- 
nations. The veinlcts contain muscovite mica, eilher lining the 
'wugs or segregated into pafcehes, or, more often, forming a thin 
wall between the quartz vein and the host rock. Wolfram occurs 
in thin plaies and (’lysials iiregularly distributed through the quartz. 
It Is usually ])rofoundly de<'omposed or oven completely removed, 
heaving empty spaces, sometimes filled with cindery oxides of iron 
and manganese and rarely showing a film of tungstite. There are 
no surface rock exposiu’cs in the vicinity, which is covered with 
a thick layer of orange-red clayey soil. Higher up the hill tabular 
limestones of the Heho series with argiliaoeous partings dip W. S. W. 
at 35®. These limestones are more saccharoidal than the typical 
varieties and sometimes contain white mica— a result perhaps of 
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tihe local introttioa ol Uio quai't 2 !>jmictt-wolfn)>m veins and stock- 
works. Judged from tko distribution of tiro old workings, tli(‘ latter 
occur in a broad zone tunning approximately north and south and 
a few hundred feet wide. Small quantities of pyrite, now changed 
into limonito, are the only other metallic mineral visible. 

86. In December Dr. Heron revisited the wolfram mine at Eewat 
(2G° 64' : 74® 19'), near Degana Junction on the Jodhpur Railway. 

Ho had examined it shortly after its disco- 
outaSu"” “"I Hayden visited 

it in 1916*. 

The average annual output of the four war years 1916 to 1919 
was about 40 tons, but since then no output has been registered, 
though work has been going on, and the local representative of the 
lessees, a Gujarat firm, informed Dr. Heron that 8| tons had been 
produced in 1929 and 9 tons in 1930. 

The Rewat hills consist of granite, probably the Tdar granite 
of Middlemiss, of Malani age, intruded into Aravalli phyllitcs. 
Topaz is a noteworthy accessory. Penetrating the granite are 
many veins of quartz and biotite, six to eighteen inches wide, usually 
vertical and with a N.W. — S.E. strike. The quartz and biotite 
are disposed in bands parallel to the walls of the veins, the biotite 
frequently, but not always, next the walls, and the wolfram is 
developed in bladed and tabular crystals indiscrimmately in both 
quartz and biotite. Rlourite is common in the veins and the phos- 
phates triplite and libethenite have been detected. 

aeoLoaicAL, surveys. 

S6. Dating tho Durga Puja holidays of 1930, I paid a brief 
visit to the Badarpur and Digboi oilfields in Assam for the piupose 
of discussing with Mr. Sale of the Assam Oil 
Company the results of their geological map- 
ping of recent years. As a result of this visit Dr. Chhibber, who 
was to accompany another Hnkawng Valley expedition, was sent 
to Assam for the purpose of obtaining some familiariiy with the 
Assam Tertiary formations as classified by the Assam Oil Co. Mr. 
Percy Evans very kindly showed him some of the principal sections 
and an arrangenoent was made by which Dr. Chhibber was to re- 

' ^ (M. Bun. Ini., XCJ7, p. 28, (1914). 

■ Op. oi)., SLVQ. p. 26, (1916). 
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enter Assam from tie Hukawng Valley and compare notes with 
Mr. Evens on the Assam-Bnrma frontier. TTnfortvnatoly, ho'v^cver, 
the Hukawng Valley cx 2 )edition Lad to he abandoned on account 
of disturl)ances in other parts of Burma. 

The work of the Assam Oil Company has shown how important 
are the methods of sedimentary petrography in the identification 
and correlation of the Tertiary strata of Assam. Although Dr, 
Ohhibber was prevented from returning to the Hukawng Valley 
whilst his memory was still fresh from Ihe Assam sections, yet he 
had been to the Hukawng Valley and the adjoining Jade Mines 
tract in previous years. A suite of some 80 samples of arenaceous 
rocks collected by him, mainly from the Jade Mines tract just to 
the south of the Hukawng coimtry, was accordingly submitted to 
Mr. Percy Evans for examination. The samples were examined 
hj Mr. Majeed under the direction of Mr, Evans who has kindly 
submitted a report thereon. Mr. Evans finds that the mineral 
assemblages in the slides prepared from these sanjples show consi- 
derable resemblances to those of Assam. He is able to compare 
certain slides with those from the Tipam, Suima and Barail series 
of the Assam Oil Co. and Mr. Evans is of opinion that similar methods 
of study applied in Upper Burma would prove of value in the corre- 
lation of different areas of Tertiary rocks. 

87, Only one officer was available for field work in Bihar and 
OrLssa during the liekl-scason 1980-81, namely Dr. Kiishnan, vho 


Bihar and Orissa, 


conlimied his systematic survey of Gangi>ur 
State, Bihar and Orissa, and completed the 


most westerly j)art of the State lying in sheet C4 0/N,E., N./S.E. 


(scale 1 in. — 2 miles) up to the boundary of the Gondwana rocks 


Oangpur State, 


that occux>y the south-west portion of that 
sheet. In addition, Dr. Krishnan completed 


some unmapped areas in the south-eastern part of the State in 


sheet 73 E/4 (scale 1 in. = 1 mile) and continued into sheet 73 F/3 


(scale 1 in. = 1 mile) in the Singhbhum district, thus linking up 
his work in Gangpur with the recent surveys of west Singhbhum. 
In all, an area of about 350 square miles was mapped. 

In western Gangpur the area covered falls into two physiogra- 
phical divisions — a southern plain of an average height of 800 to 
900 feet above sea level and a northern, more broken aafea about 


300 feet higher. The two areas are separated fay a ridge of quart- 
zites or micaceous quartz schists which passes immediately notth 


g2 
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of Sarapgarh (2'?" 11': S!i° 45') and dips in a southerly direction. 
The northern portion is composed of nli<. 1 -^ehipiH with a few sillh 
of epidiorite, and the ronthem of n 1 iea-P(• 1 nV^ iilmndaiilly penetrated 
and partly assimilaled l»y f^rnnite, wHh u few pnmiiiienl lidfies of 
mioaceoua qnariaitea. The strike of the rooks in this region is 
approirimatelv N.W. — R.E., varyina to W.N.W.--E.F!.E., the 
dips heins! atonerally hi£;h. The chief interest in this area lies in the 
occurrence of a hed of crystalline limestone in the viala just north 
of Lifripara (22® 7' : 83® 49') which seem." to he the westerly con- 
tinuation of the exposures of similar rocks near Bhusma (21® 68' : 
84® 2'). 

Glondwana rooks overlie the crystallines ; the hoimdary hotw-een 
the two is irregular and indicates that it is one of original dc]iosi- 
tion. Along the houndarv Talchir rocks ot‘<'Tir in the south-east 
and Barakar sandstones in the north-west ; they dip at low ancles 
(10® to 25®) towards the south or south-west. 

The most westerly occutrcnces of the gondite scries of rocks 
in Glangpur State are near Ohoriaior (22® 3' : 84® 8'), and are over- 
lain by mica-schists and phyllites followed hy caloitic and dolomitic 
marbles. These latter rooks can he traced along the Sapai mefi 
from a point east of Ohoriajor to the iunction of the Sapai mcii 
and the Tb river near Bhasmo, and in these exposures the strike 
of the marbles changes from N.E.— S.W. to E.— W. Although 
the area intervening between Bhasma and T/ifripina is alluvial, 
with isolated exposures of granite and mica -schist and no crystel- 
lino limestone, it seems certain that the rocks found in these two 
series of exposures are identical, the strike having swung round 
from E. — W. neat Bhasma to W.N.W. — ^E.S.E. near Lifripara. 
This W.N.W, — 'E.S.E, strike*' continues to the westwards, rendering 
probable the view that the gondite and (wystalline limestone occur- 
rences of flangpnr may he correlated with those of the Central Pro- 
vinces. 

In the eastern area, in the region soutli of Bisra (22® 16' : 86® O'), 
oeour phyllites with a hed of intercalated carbonaceous rocks, 
whilst a ridge of ^earedfschistose conglomerate marks the Gangpur- 
Singhbhuin bonndary.^To'*theTnotth*'and north-west ofJRHanoharpur 
(22* 22' SO': '*86® 12')‘''phyllites and'*mioa-schi6ts are also found, 
these 'being "intonnediate'^in grade of^etamorpbism” between the 
shaly Phyllites occurriiu^ in^south-westem Singhbhniu and the 
n{i«|-BohlBte in eastern Qangpur. 
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gThe sacoesidoii oxpostiU iu (Jaugpur bcujUb to be oklor tliau Ibe 
Iron-ore Berioa ol aitliough no definHely reooguiBablo 

unconformity separates the two. The sheared conglojncrate horixon 
may however indicate some veitical movement. 

88. During the Meld-season 1930-51 the Bmma Party consisted 
of Dr. J. Coggiu Brown (in charge), Messrs. C. T. Barber, A. K. 

Banerji, P. Leicester, V. P. Sondhi, B. B. 
Bunna Parly. ^ Chhibber, and M. E. Sahni. 

During the recess season when Dr. Ooggin Brown wab on leave. 
Mr. A. L. Ooolson officiaUd as Superintendent and was placed in 
charge of this 2 *arty. 

89. Dr. H. L. Uhhibbor spent the months ol February to May, 
1931, in mapping parts of sheets 92 0/14, 0/13, 0/(5 and 0/7 in tho 

Myitkyma district. He recognised the follow- 
ing rock series and types : — 


Myitkyiua district. 


Vlll. Alluvium. 

^VIl. Uru boulder conglomerate. 

<^¥1. Namting series. 

V. Hkiima series. 
tv. Oiystalline schists. 

111. Altered peridotites and sorpentiuch. 
11. (jrxanite and ortho-gneiso. 

1. Limestone. 


Two small outcrops ol Utiii stone, Jilmost niebimorphosed to 
marble, occur lu the ueighlMUirhood of 'I'aiiaibiim Oa (25“ SA ' : 
9(5“ 55'). 'Che l)igger of tlie two is •iboiit a <jiiiU'((T ol a mile W. H. W. 
and the second about huU a mile north-west of the village. Tho 
limestone is quite thin and oi a very line granular texture. 

Oraaite anJ ortho-gneiss witli tlic same ciiaroeteristics as those 
described in the General Eeport^ for 1929, was found forming low 
hills near Lawson (25“ 18' : 9(5“ 27'), which continue as far as Manwo 
(26“ 26' ; 96“ 34'). 

AUered peridotites and serpentines were mapped on sheets 92 
0/14, 0/13 and 0/7. On the Mrst sheet these rocks form the small 
hill marked 657 en route to Lawa (25“ 33' : 90“ 47'). On sheet 
92 0/13 several small outcrops occur among tho crystallino sohiste. 
Beginning from the north two small outcrops wero found in the 


1 Bee. GeoL Sun. Jnd., LXIU, pp. 08.99, (1930). 



86 


Reconh of tlie Gi'dlogioal Snrvei/ of India. [Vol. LXVL 


ttoighbourhood o[ Taiiaibuiu siud n biggt'r one alioiit Ii/5 of a 
mile soath.-west of it. A aud irrogulai' (ndcrop oocuts a 

little cast of Mapaw {'25° TeJ' : l)l>“ 5;}'). On the l)i}'i>(‘ot milcrop 
are situated the villa'^os of MaU-kyotkawiig (J5" 50' : !)<)“ 5,‘l') and 
Kawnaa Q.x (25'’ 5L': OO" 5:V). SeveiMl of her oecurieuecR are 
found -west of ‘Nhpuin (25° If)' : t)G° 51'), ]» wvoral places a band 
of altered poridotites and serpentines runs along tlio junelion of the 
orvatallino schists and the llkiuna series described bi'Iow and occa- 
sionally the bcrpentino is very highly l>recciatcd, most probably 
marking a line of faulting. On sheet 92 (J/7, thcs(‘ rocks were 
traced southwards as far as Kawabnni (25"' 21' : 96° 20'). 

The cri/stallinp sclii'ils occupy considerable areas ol shc'cfs 92 
0/14 aud 0/L3. Beginning Irom the boxindary of the Kaniaing sxib- 
division, near the deserted village of Kadakaang (25° 22' ; 96“ 
49'), they continue to the northern edge of the sheet. Towards 
the oast they were nwiiped as far as the oastein limit of the sub- 
division, which is here marked by the Hellen and 'Cnixai flkas. They 
wore followed northwards to the boundary of the unadininisterwl 
territory of the Hukawng Valley on sJicct 92 0/13. Their constitu- 
tion is identical with that described in the Ooneral Reports^ for 
1928, 1029 aud 1930. Daring the present S(>ason howcv(>r, hesidcs 
the usual members of the graphite-, mioa-quarU-schists, epidiorifes, 
etc,, a coarso-bodded porphyritio granitic gneiss, which is inter- 
bsddod with the orystaUino schists, was observed in the Haga Ilka, 
a stream which joins the Ifkara Uka about one furlong from flie 
latter’s conflnonoo with the Tanai lUia. The gni'iss shows a very 
varying texture from that of a iin(>-grain«l schistosx' rock to that 
of a coarse granite-gneiss. In tlio Tanai Ilka near ifs <‘onflueneo 
with the Ukara Hka, it assumes the aspect of a niieuecous schist, 
being vary finely bedded and dipping north-east at high angles. 
It is also highly jointed and cleaved into small pieces. In places, 
however, the dip is vortical, the rock is very crumpled ami shows 
evidence of minor strike faulting. Similar porphyritic, schistose 
gneiss was observed in the Magrwo Bum. 

Quartz is intrusive into the schists as small and big veins, lenses 
and lentioles with varying thicknesses from that of paper to several 
feet across. Sometimes blocks of quarjiz, over five feet in diameter, 
wme seen lying on the surface. 

I Ste. QtO. awrv. I*at, LXH pp. 110-111, (1929) ; LXm, pp. 09-100, (1030) j IXY, 
p, (lOSa). 
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Dr. Chhibber has divided the Tertiary rocks of the axea as fol- 
lows : — 

(3) Uiu boulder conglojnerate. 

(2) Namting series. 

(1) Hkmua series. 

This classification supersedes the tentative one mentioned in 
the General Eeport^ for 1929, which was based on the exploration 
of a very small area. 

Good sections of the Ilkuma series are exposed along the Shadu, 
Tagam, Hkuma and Hkada streams, of sheet 92 0/13. In the Shadu 
Hka, almost from its source to its confluence with the Sumpra 
Hka, they show a northerly dip which, however, fluctuates between 
north-west and north-east. Distinct cross folding was observed 
in places. The angle of dip varies from 30® to 90®, the average, 
however, being about 46®. Sandstones with occasional interbedded 
layers of shales or argillaceous sandstones are predominant. In 
places they are finely laminated, while in others they are coarse 
and pebbly. The most remarkable feature about these sandstones 
is their extremely well-bedded character, for almost every outcrop 
shows both direction and angle of dip distinctly. They are greyish, 
greenish, whitish, pale-yellow or reddish in colour, sometimes with 
black carbonaceous streaks. In the Shadu Hka alone, abo\it 10,000 
feet of them are exposed. lu the Tagam Hka, sandstones were 
seen interbedded in places with black carbonaceous shales which 
are sometimes very friable. Those sandstones and shales both 
contain well-preserved fossil loaves, specimens of which wore collect- 
ed from the Hkada Hka (26® 60' 16" : 96® 51' 30") and the Tagam 
Hka (26® 65' : 96® 61'). 

On sheet 92 0/13 their junction with the crystalline schists and 
serpentines is faulted, as shown by the breociation of the latter 
rocks in the Hkuma and the Hsamshing Hkas. On and near the 
contact the streams suddenly go dry and the water reappears a 
little lower down. Similar rocks were also met in the upper course 
of the Namjan Hka, on sheet 92 C/6, and the upper portion of 92 
C/6. Specimens collected during the previous seasons showed that 
their heavy mineral assemblages correspond with those of the Barail 
series (Eocene-Oligocene) of Assam. 

* JSfc* Sunv* Xi i X i H iy p* 10(^ {19S0}* 
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I'ho Uppoc Tortiary fooka of tlic Nimilhii/ « nttit rfci'ii on l-lic jiiuU' 
track between Nanitiiig {‘Jf)" S8': !)(»" ^7') niul lA»nkiii (,’!>" .'iSi' : 
96® 22') aiul coutAiuiug fos.sil wood, iI<>hci‘i!h‘< 1 briolly in tli«> 
Goaecal Uopoct^ for 1928. Hpociiiunm ooUhoUhI fi'oni tbeni, witli 
very few exceptions, yielded heavy iiiineralH ahu-li, aeforiling to 
Mr. i’. Evans of Eigboi, agree closely with tbow' from the 'I'iptun 
series of Assam. Similar roolvs were oosin-ved in the 'I'arong ilka 
near Tarongyang (25® 10': 5M>® 15'). i'ht* 'I’erluiry rooks founing 
the low lulls near Nauyahoilk (25° 57' ; 90“ 55') .dso belong to this 
series. 

A brief account of the (Jfif boultU'r (Oiiiihniii’nifi , which is 
iadeite-boariug in places, wnw given in llie Oeneral Ih'port® for 
1928. Last season Dr. Ohhibbec nuippeil its junction with the 
Namting series in the neighlwiirhood of llj)ak<‘u (2.5“ 5(i' ; 96‘' 18'). 
It is mainly a conglomerat** foniuitiou consisting of boulders which 
must have been partly deposited l>y the Uru (Uyu) ri\er or its bigger 
predecessor, but more largely by the l.orronts descend ing from tlio 
hills on the west llowing into it. Dr. Chhibber collecf.e<l samplos 
of this formation, osiiecially from the Icnticlos of a«n<l-ro('k occur- 
ring in the oouglomorate. Mr. 1*. IfivaiiH of the Assam Oil (lojnpttuy, 
Limited, Digboi, who kindly oxainint'd their heavy residues, arrival 
at rile conclusion that the heavy minerals of this grouj> were <lis- 
rinot from the two lower groups of the Tertiaries, viz., theJIkuma 
series and the Namting series, desoribod above, and were markwl 
by the absence of tourmaline, garnet, jiiKwm and rutile. 

90. During field seasons 1M9-31 Dr. Chhibber made traverses 
between Myit^ina and the Upimaw, and Panwa Easses 

on the Cfhiuose frontier of Bunna and majiiHsI 

TvSSIS^* P"*® 

K/6, K/6, K/9, 92 J/8 and J/12. Ho recog- 
nised riie following series and rook-types : — 

(12) Alluvium and recent boulder deposits. 

(11) Volcanic tufis. 

(10) Basalt and assooiated rooks. 

(9) Dolerite dykes. 

(8) Gabhto. 

(7) Gxanodioriie. 


^ Bmi. OmI. Bvn. LXO, , 
IXn, pp. imiSt (1 
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(6) Granite. 

(5)|h2pidioiites. 

(4) CiUoiite seiiists. 

(3) Granite-gaeia3.r 
{i) Limestone. 

(1) P/ehpat shales. 

jUreyiah shales orop out near mile 64 on the Htawgaw road 
and continue, with several small intrusions ol gneiss, as lar as the 
Ngawmawniang Jlka building the core o£ the l:*yBhpat range, about 
7,0U0 ieet high above sea-level, where it is crossed by the Jltawgaw 
road. They are best developed in the nei^oourhood oi the Ji'yehpat 
inspection llungalow (25'' 56' : 98'* 16') and have hence been called 
the Fijeltpui eludes. They are generally greyish-black in colour 
when Iresh. Un the western side ol the range they are tolded but 
on the oasoem side^they show a general westerly dip. They are 
uufossihferous and hthologicaliy are not unlike the Ohaung Mugyi 
slates of the dhan dtatos. dundar shales crop out agam near mile 
120 on the ilpunaw road and continue as far as the P. W. D. 
Inspection jBungalow at Hpimaw (26'' 0' : 98“ 38'). They 

were also traced further south, about tour miles d. d. Jfi. of Ghu-iho 
(26° 57' : 98° 38') on the Penshuiling Pass road, wHore they are 
overlain unuonformably by limestone, highly brecoiated m places 
and prooably oi the same age as the Plateau Limestone of the dhan 
dtates. 

idmestone, metamorphosed and almost converted into white 
marble, is seen after crossing die Ngawmawniang lika, and oxtenik 
to about i inilo nordh of mde 'IL on the Htawgaw road, it again 
builds the top ol what is locally called the Langyaug range, com- 
menciug a httle south ol its summit where it is crossed by the Htaw- 
gaw road. 'The next big outcrop, whore it overlies the shalw, 
north of the Lower Hpimaw village (26° 0' ; 98° 37'), builds hills 
over 8,UU0 feet high. It was traced southwards with some breaks, 
apparently due to denudation, as far as a point about four miles d. S. 15. 
of the village of Uhu-iho, where it forms the 8896 pass on the Pen- 
ahniling Pass road. Opposite »-t»8 north-west oi Ohu-iho it fonns 
very wellHZiaiked oliifs. 

Gramte-gneiu, which is mainly a biotite gneiss oooius near the 
Tangahlm Rungalrrar (26° 43': 98° 66') aud ooutimtes as fax S8 
a Uttie east ef saile-poet 64 on the Htawgaw road. It btdids 
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vpty raii}f(‘H, ‘ knifo-pdf^'d ’ with <'({ually sliarp npurs, 

high, touiwhid or pi'.ikrt and small ilonu's. 

It is iujoctod ■with jx'gnuititio, nplitiit iiiid <pi.trtz v<‘ins, 

(JhhriUi-sehixtR woiv first ohsorvtHi about half a juik* fc}. 8. W. 
ol jnilo 27 on tho lltawgaw r<><wl and oxtoiul in a south-south* 
westerly direction for a little over tw(> mik's. A.nothor outcrop 
of similar schists wjis seen near the susppjisiou bridge after leaving 
tho Tangahlia Bungalow. 'ITii'se seshists are well-bwldcd and are 
intruded by quartz veins. 

Epidiorites first crop out about luilf a mile eouth-west of the 
Inspection Bungalow of Seniku (25" 32' : 1)7“ JS') and were traced 
for over 22 miles along the llktwga-w road, tvs far ivs a little west 
of tho Tangahbx Bungalow. l^Vom Hhingaw (25" 39': 97“ 53') 
they were niapj)e<l ns far as Tingsayang (25" 38' : 97" 65') ami 
Chiagma (26“ 37' : 97“ 53'). llio tyj) 0 -rock has a crude gnoissic 
structure and crystals of green honrblemk* are prodonvinant. A 
spoeimon of serpentinised pyroxtjnito, a])paTently a basic modifica- 
tion of ■the epidiorites, wtvs <H>lk'ctod from tho right bank of the 
Shingaw Hka, where it is crossed by tho Sawlaw-Chingimr path. 

Chemite occupies the grciitor part of shoot 92 K/5. It is first 
met on the Htawga-w road after crossing tho Langyanglaw Hka 
and was traced as hu; as tho northern tuid eastcni limite of tho shoot. 
Beyond Htawgaw (26“ 67': 9»® 22') it was traced as far north- 
eafitwardd as mile 120 on the Hpimaw road, ^outh-eastwards 
it stopped only about half a mile short of the hagwi Pass, 8,850 
loot above the sea. It again crops out near tho fusiiectiion Bungalow 
at Hpimaw (20® O' : 98“ 38') and was traced as for as the Hpimaw 
Pass, 10,338 feet above the soa. 

Further south it was traced as for as about 3jt miles S. S. B. 
of CIhU'iho (26® 67' : 98“ 38') ca route to the Fen^uiliug Pass. It 
builds very rugged and broken lulls, oxoooding 12,000 feet in hoij^t. 
ITbe rook is a very coarse biotite-gxanite, which in places has been 
injected by veins of gcaphio and apUtic granite, while quartz ■veins 
«ce fairly oonomon. 

Omtodiorite sets in about half a mils after crossing 'the suspon- 
bodge on the Namyin Hka neat Wensa'wng (26“ 22' : 97“ 85') 
and continaes for about two miles on the Wauigmaw-^uiku road, 
patall^ to the- Nanalau Hka,. The rook ia mostily a quaxtS'diorite 
■with glistening orystala of hnumblende, hnt in plaoM ita acidic modi- 
feifition, aln»)st> approsAUng a gtamtsi, is also sean aud iwraalljy bears 
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a reddish, in places a lateritised, soil. The same rock is met with 
again about a mile S. S, W. of the P. W. D. Inspection Bungalow 
near the 20th mile on the Seniku road and continues as far as 
the alluvial plains of Man Ming (25° 29' : 97° 44'). Sometimes 
the rock is well-bedded, but more commonly it is massive with 
coarse joints. About 1^ loailes S. S. W. of Wuman (26° 26' : 97° 
41') its acidic modification is exposed and here the proportion of 
quartz in hand-specimens inclines one to class it with granite, in the 
absence of chemical analysis. The gram'tio rock yields a light- 
coloured sandy soil. 

Oabbro crops out about half a mile east of Seniku (25° 33' : 97° 
47'), and Numkai (25° 35' : 97° 47') and the deserted vilhige of 
HMnrawng (25° 35' : 97° 45') are situated on it. It also builds 
the Loingu Bum, 4,186 feet, and the Waga Bum. Prom the village 
of Hldnrawng it was traced as far north as the ‘ Nmai Hka. South- 
wards it extends as far as mile-post 27/4 on the Senitai road. 

At least nine dolerite dyJces, running m a N.W.--S.E. direction, 
were observed at the confluence of the Mating and Pyawhkaw 
Chaungs, between miles 103 and 104 on the Hpimaw road. 
The maximum width of a dyke measured about throe feet, while the 
exposed length was about 100 feet. Evidently they are intruded 
into the granite along the joint planes, since subsidiary dykes, 
from loss than an inch to a few feet thick, were seen bifurcating 
from the main ones and running again parallel to the latter. Hear 
the contact, xenoliths of granite occur in tho dolorite. In places, 
these dykes are affected by minor strike faults. 

Vokanie tuffs were first observed on tho Seniku road, about hali 
a mile south of Tawngpaw (26° 24' : 97° 38') and continue as far 
as about IJ miles S. S. W. of Wuman. They are very highly and 
irregularly jointed, as a result of which they not infrequently fall 
into small irregular pieces. They are generally dark-coloured, but 
reddish, whitish and yellowish shades are not uncommon. Some- 
times epidote veins with quartz occur. 

An outcrop of ftasofe was found at the village of Wuman (25° 
26' ; 97° 41') and with its associated tuffs was observed to extend 
as far as Singkat (26° 28' : 97° 41'), 

The Inspection Bungalow of Wausawng, near the 11th mile 
on the Seniku road, is built on a small hill, composed of gre^iab, 
close-textured gramphyre with phenoorysts of quartz. Some of the 
specimens showed streaks and fine vdns of iron pyrites. 
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91. A now lopogrupluotii niu|M»u a of 4 ii.clniK- I iiiilo, of iho 
Mogok Btouc Trtwst ooniiu'iml bctwocn hitit.utlo« ‘2:V’ ‘MY oii<l 152'^ f)0' 
sum! loiigitudox \ H \" 22' and 9(5" ;5f>', ib in <«)«««* 
Trid* Kama*' dldric*. jH'opuraUon and iwiuling it« completion Mr, 
A. K. J3aiM‘rji conuncnct'd work on Burma 

Jb'oteBt Smvoy Skeots JNos. 2iS6 and 280 

Tko rooks met with were okissificd int^o the following groups: — 
Mogok series. 

Add gneiss. 

Byonitos and uupkeliuu rooks. 

Minor intrusions. 

I'lie Mogok serien scoins to bo tko oldest in (he urea and n'presonis 
a highly mebamorphosed scries, piutly of s<'dini('nliary origin. The 
true rolatiouBlup oi the add gneiss to it can oi\ly he estuhlislu'd by 
further work when the structure has been eJueidatt'd ; at prewmt no 
exposure showing the contact lietw(H*n tin* two is uvailabhs but 
tentatively it is regarded iis intrusive into the Mogok s(‘rins. If 
this prove to be correct, the problem will be, as in the (mwm* of South 
India, to iind the basement on. wliich the rooks of the Mogok serios 
were deposited. Thu alkali rocks and the granite pegRuiti1i(>s are 
taken os the latest phases of the intrusion and the roason for grouping 
them tc^ether is that alkali felspar with moonstone soMIlcr occurs 
in both of tltom. 

Along the Ityini Taung-Myo rii^^o, which lies to tlm esxst 

of tile town of Mogok, good cxposutt‘S are hikui which give (he w«- 
queuoo in the Mogok series. The nnks met with in dcHrmidiiig 
order conunenciug from the LCyiiu Taung end are as follows : ••• 
Gatnet'biotitC’gnoiss, sometimes with sillimauitu. 
tiamet-granulite, 

Augitfrgaeiss, 

Oalc^yte, 

Idmestone, 

Calo-gueiss, 

Limestone with pegmatite, 

Gale-gneiss, 

Liiaestone, jj 
Cktlo-gneiBs. 

The gamet-biotitegndss with or without silliinamte is a tidok, 
BMsaiTe fi tf m ntin n . and oonstitates the solid geolatgy dl the xidge to 
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the south-eafit of the Mogok valley known a*! Nankannsf Tntmw and 
Zalatni Taxing. Myintada Taxing on the aoiith-w(«it o' Mogok 
is also formed of this rock. By alteration throxwh siibaerial 
weathering it gives rise to the red soil so characteristic of the area. 
In road cuttings the decomposed rock show‘ nnmeroiis stringers of 
aplitic and pegmatitic material iniected into it, but now changed to 
kaolin and quartz. In Kyaukva Kyaw ridge this rock passes into 
gamet-graphite-sillimanite-rock, quartz-siDimanite-rock, and iron- 
stained quartzite. 

The calc-gneiss is usually diopside-gneiss and resembles similar 
rocks from the Archaean of Peninsular India. In some cases it shows 
the presence of graphite. The silicate minerals in the calciphyres 
are commonly diopside, phlogopite. and forsterite. In the course of 
this season’s work chondiodite was found in the limestone of the 
Mogok series. On the Bemardmyo road, about three miles from Mogok, 
during blasting operations through a bed of limestone for a new 
alignment of the road, a band in the rock was exposeil showing 
brownish-yellow grains of chondrodite associated with forsterite 
and spinel. The characteristic pleochroism of chondrodite is seen 
only in moderately thick sections and in crushed grains, but one 
section diows beautiful repeated twinning, which distinguidies it 
from forsterite, for which it is apt to be mistaken. 

With the Mogok series are associated beds of gamet-granulite 
and pyroxene-gneiss. The former rock consists of garnet, quartz 
and felspai, which is mostly micropeithite. It probably represents 
a phase of aplitic and microgranitie intrusion related to the acid 
gjxeiss. In some cases garnet is absent but on the other band there is 
a type in which very fine biotite flakes come in, in addition to garnet. 
The rock is used for building purposes in Mogok as it can be easily 
worked, owing probably to the partial koolinisation of the felspar, 
A fact worth recording is that in places where gemstones are worked, 
boulders of these rocks axe very often present. 

The augite-gneiss found in the section on the Myo Taung shows 
under the microscope qxxartz and labradcrite, besides atigite; the 
accessories are sphene, ap‘'tito and zircon. 

jne acid (fneiss is exposed on the hill south-east of the village of 
Kyauknaga Taw (22° 67' : 96° Sty SO*). It is a medium-grained 
rock, light in colour, showing incipient gneissic banding. The felspar 
is chiefly microperthite considerably altered to kaolin along the 
gibite Ismellffi, Occaskmally. a !|itile oligootase is visible an4 quarts 
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Ih nbtmdiHil. TIk* lock w p(K»r in dark mincr.ilH; hrowii liiotito is 
the only forroinagncHiun tnincriil prcHcnf, l)iil in one instanco garnet 
was uotiml. The tiee<‘SSori(*H an* Hpliein*, apatite and zircon. 

The more important. intnisionH of hj/inihit are eouliued to the 
neighbourhood of Kyauldhinhaw Taung and to tlie area immediately 
to the west of it. There ia a large Im'colitie intrusion north of the 
village of Oongain, a peculiar feature of which is that bands of lime- 
stone seem to be caught up in it. Only in one place is a contact 
seen and the rock next to the limestone is of a monzonitic type with 
gnoiasic banding catlier rich in ferrotuagnesian minerals. The cons- 
tituent mincTals are oligoclase, mieroperthite, biotite, augite, with 
apatite as an accessory. The contact as exposed is very clear and 
sharp. This rook traced upwards to t.he top of Kyaukthinbaw 
Taung pasHi'B into augite-sycnite. The syeuito in the immediate 
neighbourhood of the limestone bamls does not show any special 
feature ; the rock is peibaps a little richer in pyroxene and shows 
gneissic banding duo to the parallel arrangement of the pyroxene 
crystals. 

The syenite is usually ougite-sycuite. Most of the felspar is 
mieroperthite, but a little orthoelaso and albito are invariably pre- 
sent. The pyroxene is either augite or a?girino-augite. It sometimes 
shows closely packed thin parallel bands of dusty material which 
aw bla«k by transmitted light and wldte by reflected light. In some 
eaiK» there ate two sots of bands at right angle to each other. Two 
spooimons show the presence of brown hornblende, in one of which 
biotite was present in addition. The accessories are sphone, apatite, 
and zircon. In one typo of the rock some of the felspar wystals 
diow a beautiful moonstone schillor. In thin sootion no inioro- 
perthitio lamolke could be detected in the crystals. 

North-west of the Lishaw village of Chaunggyi (22° 158' : 98° 32') 
there is a small exposure of a liephetma-vooh very rich in dark mine- 
rals. Its exact fleld relations are obscure, the ground being covered 
with soil and thicMy forested. There is a prominent granite-pegma- 
tite dose to it on the north-east and on the other side a smaU expo- 
sure of limestone. No contact is visible, but the nephehne-rook 
appears to he an independent intrusion. In one place a small expo- 
sure was found that appears to he a segregation of the dark mioerals 
of the rook. Indudisg this, there ate three rook iypes as follows 

1. Jacupiran^te.r-A mdonocratio rock very rich in dark minerals 
irfijtih are titanaupte and Iwown basaldc hornblende. The other 
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minerals are ueplueline, ortliookse, plagioclase, calcilc, with iioa- 
sulphide and apatite as accessories. This rock differs from that of 
the type locality in containing felspars and hoinblcude. 

2. I j elite. — rock without felspar. The minerals are nephe- 
line, titanaugite, and brown basaltic hornblende. Sometimes the 
nephdine occurs in masses as large as the fist, without any crystal 
forms. This rock differs from that of the t 5 rpe locality in containing 
titanaugite instead of segirine-augite and in containing hornblende. 

3. Titanaugite-horablende-rock. — The hornblende is a basaltic 
variety. 

Near the same locality an interesting rock was found in the form 
of scattered boulders in a working for sapphire. It is a sapphire- 
bearing rock, a nej'heline-corundiun-syemte, and though a careful 
search was made, it was not possible to trace it in situ. The consti- 
tuent minerals are nepheline, orthoelase, albite, blue corundum or 
sapphire, green spinel or ceylonite, and augite. The nepheline in 
places shows graphic intergrowth with felspar and the axigite has 
glomero-plasmatic texture. In the same neighbourhood a nephe- 
line-augite-^enite occurs in association with limestone. Some of 
these nepheline-rocks bear a close resemblance to the Sivamalai 
series of ebeolite-syenites and corundum-syenites of the Coimbatore 
district of Madras described by Sir T. H. Holland^. 

The limestone bands of the Mogok series are found in many 
instances to be intaided by vcims of fehj)a>-)ock and gramte-iicgma- 
tites showing the development of interesting minerals at the contact. 
In one case a folq)ar-rock is intruded into coarse-grained limestone 
at Sontabe Taung, north-east of Mogok. The vein is 6 to 8 feet 
thick, and is composed of coarsely ctystalh'ne felspar, mostly albite. 
The only other non-felspathlc mineral present is apatite. At the 
contact is developed a coarsely crystalline rock composed of nephe- 
line, diopside, calcite, felspar, and apatite. This nepheline-beariiig 
contact rock is evidently the result of interaction of the fel8par-TO(^ 
with limestone. This contact metamorpbic phenomenon indicates 
that there has been desilication of albite as a rosult of assimilation 
by the magma of calcite-dolomite material (Mogok limestones 
usually carry a small percentage of dolomite.) At the mai^ a 
certain amount of calcite and dolomite was assiniilated by the magma 
and during coiisolidation the available oQioa was first ttsed to satu- 


1 Mem. OeO. Sun. Jnd.. XXZ, p. 169. (1901). 



96 Records of the Gecloffical Survey of Itiifia. rVoL. LXVI. 

late the calcitim and magnesium molwnles with formation of diop- 
ride, which was the first mineral to eryfitallize out, as shown hy the 
perfect crystal forms exliibiied by it. After cryaialliziiiion of diop- 
fflde there was, it appears, a deficiency of silica, and ncphcline instead 
of albite was then formed. 

Another instance of a contact raetamoiphio phenomenon is found 
on the south-western slope of Myo Taung abotii four miles 15, N. 
E. of Mogolt. Here a. granite-pegmatite vein is seen in contact 
with limestone. The pegmatite vein is several feet thick and is com- 
posed of quartz and felspar. The noajor portion of the felspar is 
orthoelase, only a few grains of albite being present. The only other 
mineral is graphite in the form of sporadic flakes. The limestone 
takes the form of white saccharoid marble with a litile gia])lntc and 
phlogopite. The contact rock is less than a foot in width and is 
composed of scapolite, diopside, felspar, oalciio and some flakes of 
graphite. The scapolite shows numerous aeicular iuoluhions of an 
opaque mineral which are arranged parallel to the c axis. The band 
of limestone is fairly pure and contains, with the exception of spo- 
radic phlogopite, no sih'ceons impurity, neither diopsido nor scapolite 
being present. The '■cai'olite-bearing contact rock is apparently due 
to the interaction of limestone with magmatic material d<'riv(*d from 
the granite-pegmatite. Phlogopite usually carries a little fluorine 
and its presence in the limestone indicates that there has heim 
pnenmatolytio action on a subordinate scale. The felspars of a 
granite-pegmatite on Myo Tanng exhibit a remarkable teliiller and 
the rock was formerly worked for moonstone. 

92. Hr. Sahni continued the survey of the Northern fihnn States 
and corapietod the mapping of sheet 9S K/11 and about one-lmlf of 

W15. Two formations w<'r<‘ alone 
met with, namely, the Plateau Lunestone and 
a series of rocks corresponding to the Namyao beds. In its litho- 
logical characters the Plateau Limestone is in no way different from 
that described last year from the adjoining area, and oousists of 
massive dolonoites of a whitish grey colour. Tho limestones are so 
completely dolomitised that all traces of organic remains have been 
obliterated. Ikirthermore, the entire dolomite series is so uniform 
in character that it was not possible to snb-divido it. 

The formation equivalent to tho Namyao beds consists domi- 
nantly of fine to coarse-grained purple sandstone-) with occasional 
l>edB of^s^le, generally dipping at high an^es. Interstratified 



PutT l.| 


Otwml Bepoitfoi' Wol. 


97 


.iiiions? tho siiiidsiuiios arc a minibcr ol liui(*htoiio bands slrikiu}^ iu an 
jppjwiinatcly N. E.-~S. W. direction. For the irrtMhT ]urt the 
houuduiy l)otw'ceu tho Plateau Limeslfone ami the Naiuyao beds 
m )to or less follows tho direction of this strike. 

Tlu^ sandstones liave so far been found to be imfossiliferous, with 
the exception of a few indeterminable fragments of lamellibranchs. 
TJio limestones are argillaceous in chara(*ter and are the only beds 
ol Jurassic age in the area that have yielded a prolific fauna. Dr. 
Sahni reports tho discovery of about a dozen new fossil localities. 
\mong others tho genera IIolcothyHit^ Burytiwhyytoliict^ Pec^tcti^ Alec-* 
tryoiiia, Modiola, etc., are represented ; but species belonging to the 
first two genera are tho most common. 

Although the dolomites themselves are entirely unfossiliferous, 
Dr. Salmi disco vorod very interesting fauna at Na Hkyam, in a 
se 3 *i(‘B of tliin-bedded argillac'oous limeHiones and shales interstratificd 
amongst them. The cliief interest of tliis fauna lies in the presence 
of ammonites. Moreover, whereas brachiopods hav<* formed the 
(*hief tdement in the faunas prt^viously recorded from the Plateau 
Lim(*stone, in the prtssont iustance these are entirely absent. In 
addition to the ammonites, gastropods are prestmt in large numbers. 
Tims the composition of the Na Hkyam fauna is totally disfmei from 
tliiil of the faunas pr<'^dously known from the Phiteaii 1 limestone. 

Tho ammouitts iiieliab Xetua^idb Waag(‘n, an ovolute 

ihseoiJjI form which has Ikh-u previousl} /<‘eorded froni tb(* Permian 
<‘i the Salt Range, and irom the (fiiitichim leuioii ot Tibet. Another 
is iVu/o/iVes, of which two h[)e(*ies hfi\e been found. One of 
these is a form allied 1o xV, Dieuer, and to 

Pi(‘mT, both from the OUKvraH Ix'ds of Hpiti. Th<‘ other species of 
XahnUea sljuws certain distinctions from tlie former tis well as from 
N. hiiinm^ N, fifffctj and N, apunum (h‘scribod by Alojsisovics from 
the Ifrias of iiw Mediterranean region. The form most coi^only 
met with at Na lllcjam belongs to a new gemis of the HmgarUddav, 

.Imong tlic gastro])ods the dominant g<*nera arc PUurdmana 
aiul Nciiico^phib* Tho speck's ol Nalwopbib however are not idcntic4ii 
with any of the Indian h)rnii> which have so far been described. A 
single species of Holopella is recorded. The genus Ncfitoftiop^iit is 
represented by more than one form, and there are a number of not 
very well preserved specimens which are referred to Mufchisofiui^ 
An intoresting record is that of a single specimen belonging to tiio 
genus Platystoma Conrad- Iu addition to these there are a number 
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of otihor speoitaoiiH wliicli art* probably to bo rob'rrt'il to tlu* Ncritop- 
siditi', but of wMcb tlu* silluiitica ur«' not. clo.ir. Kin.illy, Dr. 

Babul notea tliat of all the s?abtrop<HlB n't'oriUsl Iroiii tlu'tu* botlN llu* 
gouiiB PJ&uroioHwrid is flio moat j>rolifii* alike in iiiituber ol iiuliviilualt'. 
and cd spocios. 

A njunber of lamellibraiM'hH bavo alsc» bmi nott'd. Forms 
belonging to ScJiizodvn are the nnwt eouimon, but tlu* genn.i Ani- 
cidopeden, Lueim ? and Protcn are also represented. 

The evidence as regards the figo of the beds is somewhat ooii- 
flieting. The species Xciitfsjds cutlomrhi found in the Na Hkyain 
beds has been Tecorde<l from the Upper I'loduetus Liineston<‘ of 
the Salt Eauge and would therefort' indieule a Ferniiun liorwon. 
The genus Schizodm, though not confined to it, oec.urs very profusely 
in the Permian. Ilolopefla trimotphu fnau the Upj)(*r Product'!. 
Linaestoiio of the Salt Jtange and the lloh>iH‘U<i found .at Na ilkyiuu 
are very simihir. On the other hand the gt'uus Nutnr^cs hits not 
been recorded from roeks older than I lie Ofm'mot (M'th (-^liower 


Trias). 

93. Dr. Origin Brown made a tnivorhe from Taiinggyi, the capital 

ol the Federated Shan States, to the cost along the rnttin routi' which 

o xt r.x X loads to HOutli*w<*Btern Yunnan and Siam, as 

Southern Shan States. . «t n v x. -i 

far as Wan Pong, a distance of 70 miles 

{siheofcs 93 H/1, 6 and 6). 

The Plateau Limostonos. which are mentioned in lost year’s 
Offlootal Bep<Ht as extending for at least 20 miles to tho oast of 
Taun^yi, have now been found to roaish to mile 28-3, whore they 
finish at the crest of the ridge lietwwn tho two Slum States of lIoiKing 
and Mihig Pawn. Both divisions of this forimition arc represtsuteil, 
the lower of grey lireceiatsKl dolomites, sometimes frlalilc enough 
to bo kicked to powdor ; oftenor, hauler groyish-whito, recementod 
maioml with a deceptive sandy appearance and occasionally banded 
with pink. In the upper division are thiii-bodded, oonerctiouary- 
tabukr bryozoan limestone with interbodded marly and shaley 
layers. The latter rooks are very fossiliforous and contain abundant 
hiyoBoa, hraohiopoda and orwals. From them in 1900 Middlemiss 
obtained a few fossils which enabled Dioner to decide their Anthra- 
cofithic character and to correlate them on the same level os those 
cl Middle and Upper Produotus Limestone of tho Salt Eango^. 


* Pei. Ini., N, 8., Vol, tn, Ifeui. No. i, pp. 61>67, (Itll). 
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Of all the Aiithmcolitliio BurmeBe faunas this was, accorduig 
to Dionor, the poorest, while its imt<*ri*als as re^arrls tliei? stiites 
of preservation were 1 i‘SB s*itisf*i.et'orj' titan any otlu'r. The collec- 
tions made during tht) prest*ut season will probably end this Topioach 
and W'hon they are studied lead to (sonsiderable cxti'mion of our 
Imowlodge oi the fauna ol this period. The moot important fossili- 
forous localities are sitiuited u<‘ar miles 23-7 and 24-1 4ind 28-S, 
the brachiopods from the Latter including Prodvetm sj). and 1^- 
tmki sp. 

The only other occurrence of iossihlorous rocks of this ago is 
between miles 30-5 and 37-2, whore similar limestone's and calcareous 
bhales occur. They form a low oM on the west bank of the l^awn 
Kiver overlooking the M* ng Pawn plain and possess a low easterly 
dip. 

Between miles 28-3 and the Mong Pawn pLdn the ground is 
occupied by a series of crumided green and purple mudstones, 
splintery gr('enish-groy shaU« and bleached sandy slates. No fossds 
liave been found in these rocks, but it is believed they belong to 
one of the older Palseozoio systeuds. Around Mong Pawn there are 
thick deposits of late Tertiary clays, sand rock and pebble 
beds. 

The Loi Sarahpu range to the east of Mong Pawn is, on its western 
slopes, composed of light-coloured sandstones alternating with sandy 
sliales. Moie massive varieties occur between miles 45 and 45-5 
whore they have a high easterly dip. NCiir Kyawkiioi. between 
miles 47-3 and 47-4, soft fawn and pnik sandy mudstones with 
harder sandstones and alternating bands of purple mudstones arc 
seen. The dip appears to bo borh to the oast and west and the 
whole series has so far proved unfossiliforous. 

At mile 49-7 from Taunggyi, the road crosses the summit of 
the Loi Samhpu through a pass whore the whole lithologioal oha- 
raoter of the country changes, and hard, datey, grey limestones clip 
to the east at 45°. Similar limestones, with the same easterly dip, 
arc found down the eastern flank to tho 62nd mile, where they are 
followed by purple shales, which in their turn are replaced by lime- 
stones again. It is to be noted that these limestones boar no resem- 
Wance to any of the types of the Pleateau fewnation and that they 
are probably older. Similar altorations co(ntinue to LoMem at 
mile 58, though on the whole, on the lower eastern flanks, the datey 
rocks predominate. 
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Jji>i-lom lies at an alovatiou o£ 4,‘2(»0 fewt in tho s^ailJi-woat cornor 
ol tho LoiJlku State. To tho wwt risoB tho utooit north aiid south 
trondit^ tidge, a sootioii across which hiis just b(*»“U tloscrilKul, and 
which contains peaks rising to over (5,000 above sea level. To tho 
north is tho long narrow valley of tho Nain i*awu, wh’de to the oast 
and south tho drainago probably linds its way into tho Niun Tong. 
Tho actual watershed is ill defined owing to underground ciroula- 
tiou and the presence of nrunerous cauldron valleys and potholes. 
JBotwoon seventy and eighty of those are shown on tho one-inch map 
within a radius of three miles to tho north-e<ist and soutli-svost of Loi- 
lom and many smaller ones exist in addition. 

About mUos 68-5 and 68-7 to the east of Loi-lem, woathoretl 
outcrops y»f pale brown and palo purple mudstoiu's occur which 
contain fragmentary organic remains, Tho only fossil whicJi hjis 
boon identified from those beds is a doubtful spocimou of tho Biliirian 
coral Pulaeoeydub. They are followed by limestOiiioB- very hard, 
iine-graiued, compact rocks of greyish tints, often luotthid with shadt’S 
of red and puqjle, which give rise on vsoathoriug to a charackuistic, 
largo scale, cellular or polygonal-pattomod surlaco. The prevailing 
dip of these locks, well exposed betw<‘eu miles 61)-.') and-'l and at 
60-2, is high to the west. 

The graptolite b<5d8 ol I'unghkawkwo follow tho limwtoueH to 
about 60-34, whoro they are replaced by the luidorlyiug purple 
elates. The former are white or groyish-whito, perfectly lissile 
shales or mudstones with a very lino-graimsd matrix. Itaroly tlioy 
develop a brown or purpli* tint atid boconio arenaceous. They are 
severely ctushetl in pbicijs, but the strike may be taken tw N.lD"i(l. 
— S.ID'^V. juid the <lip w<'8terly at 65°. Miss llllles, through the 
good olIic<‘8 of Dr. Cowiier liecnl, has provisioimlly d<‘torminod th(} 
graptolites as Ulmaouynqdiis sji. and MoHoyraytus sedgwiaki (or p'w- 
don) ; at tlio same time two horissuns or zones ap^Hiar to bo ropre- 
sentod and iurther rosoaroh k necessary before the (jiuestiou k 
finally settled. As fur as can bo stated at present ihe bod k nut 
lower than Upper Yalontiun, while it may be higher Salopian. 

The junction between the graptolite beds and the purple slates 
k wnoealed, but the latter extend from a point between miles 60-3 
and 60-4 to CO-6 us dark purple mudstones, often nodular, generally 
bleadhod near tho surface and contalnii^ crushed fragmeutoiy 
fossils and auail vrinoid ossicles. Beyond them to mile 60-6, whoro 
limeekaHa commence again, white sandy shales with alteruatious ot 
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dark grey variotioR arc the only rooks visible. From purple 
rlites Dr. Cow^per R<‘ed lias identified:— 

Pliomera {Encymmrlh) hwangenffis l?ced. 

Canjocrinm ? 8p. 

Ihjolithes ? sp. 

These fossils point to an Upper Naungkangyi Age. .Vlterationfl of 
limestones of the types already debcribed, with sliales and mutlstones, 
continue to the 08th mile : at 08-1 hard, ole«aved sandstones aic 
found, while at 68-3 are softer varieties. 

The older PahnoTioio rocks apj)ear to end near Wan Pong, lor the 
Plateau Limestomss again appear a little inrthor to the east. 

94-. During t]i<‘ fudd-season 1930-31, JIc. V. P. Sondhi was 
deputed lor survey work in the Routheru RLin Rtati^s. Fb* com 
pletod sheets 93 D/9 and D/J3, a poition of which was mapped by 
Df. Ooggin Biown,"*^ and surveyed partes of hects 93 IT/l and II/2 
The ftdlownng fonnalions wore met witli:- 


Mlmium, lia\< ilim depOHils, and rcsirlnai di posits 
llii»h-Iovol p(‘b}»le (lopo'^its td the Tantif^yvi f(Kd 

hillH ... . . “ . . 

Jlcd ix^ds . . 

Loi-an series 

Upper Plateau Limestone 

Lower Plateau Ijiuicstono . . . , 

PiiKUya bo<l8 

OitlDcci.TA bods , 

A^a^v son series . . ... 


n<*<eui to Miib-reeent. 

Woistocene ? 
Cndoeeous ? 

Jurassic. 

Pormo-t ^arboni t tous . 
IVvoni in. 
Ordovioiau-tsilut i in 
Dit 1 0. 

Oi cla\ K*ian. 


Thero is vory little true rivot-l)ornt* alluvium in the an'a exa“ 
minwj, tlxo only insigniUcant patch being along the Toldot ohaung, 
a tributary of the Vanlaung river, ^hioh dmins the western ranges 
of the Shan PLitoau in sheet 93 D/9. Even this flat owes its origin, 
to a large extr'nt, to tr.ivr^rtinc. The Recmt deposits of the Yawn- 
ghwe and the Kunlon valleys in hoot 93 D/13, and those of the 
Hopong valloy in 93 H/1, were apparently deposited under la<‘us- 
trine conditions. 

The elevated ground at the foot of the Taunggyi hills, in the 
south-west corner of sheet D/13, is built of clays and sands, with 
interbedded layers of pebbles, considered to be of lacustrine origin, 
uplifted to their present level in Svh-mmt or Pleistocene times. 


* Soo Qonoral Report for IS30, p. 80. Bse. Oeai, Sun, Ini., ItK.V, (1031). 
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Tho Red beds nnd tho Loi-an serivs ato onfoldwl in tlio riatmui 
Limostono and aro confined to tho wentorn {(ortion of tihoot 93 D/9. 
Lithologically and stnnstuTally tlwy .iro tho northw.nvl (“ontinua- 
tions of tho c3q)oauic8 mai)X)e(l by Dr. Cotter iiiul Mr. Walker in the 
southern adjoining sheet D/10 in 1922, in conn(K.'tiou with tho 
investigation of tho Loi-au coalfield.^ 

In sheet D/9 the Leganng ridge is built up of the Loi-au si'rios, 
with a narrow band of Plateau Limestono lunuing along its top. 
Coarse quartzitic sandstones with high convergent dips form the 
bulk of the formation, with intonailations of nmdstono and shale 
containing irregular seams of coal, from which a few fossil ])luits 
wore collected. At one idace a strong bed of argilhuw'ous fossili- 
ferotis limestone was mot in which Alectryouia sj). and crinoid stems 
aro abundantly present. Dr. Cotter obtained Jumssic plant fossils 
from this series at Loi-an. 

On either side the Lcgamig ridge is flanked by low dipputg lied 
Beds, and north of Singu (20° Ql' : 96° 30') this fonmition <-ov(‘rB 
praoticaEy the whole of the Panlaung valley, wrhere, wt'st of tho 
river, it is intruded by ixorphyry and dolerito. No fossils wore 
obtained by Mr. Sondhi, but Dr. Pox, in 1929, collect'll two Creta- 
ceous cephalopods from these beds at Kalaw.* 

Tho Phlom Idmestoiie is by far tho most widosptuiul rook fonmi- 
tion of tho area examined. The Lower Plateau Limestone is a 
dolomitised and hi^y crushed rock covering extensive tracts of 
the country. Tho Upper Plateau Limostono is fossiliferous and is 
usually exposed in rohitively small outcrops eonfiiWHl, in sheets 
D/9 and D/13, to tho immediate neighbourhood of the older Palffl'O- 
zoic rocks. East of Taiinggyi, in the Hopong-Iltiunsang seetiou, 
the limestone frequently contains Ixxis mul lautings of shale. Pora- 
minifera, corals, bryozoa and Itrachiojrods are coiumou in these 
bods and at least eleven genera of braehioiHxls have Iwwn provi- 
sionaily determined. 

The older Pateoaoic rocks of hheots D/9 and D/13 were groui>od 
by Dr. Coggin Brown into (1) the Pindaya beds, (2) tho Orthooeias 
b^ and the Mawson series.® Me. Sondhi oomplot^ tho mapping 
of the Pmdaya beds and discovered a rich assomblago of grapti^fces 
in the shales bordering the western flank of tho inlior. Diplogmpfyts 

^Report on tho CSoal-fiold of Loi-an (confidential), by Dr. U, do P* (jottor. (1022). 

» Sen. OeO. Bwv. Ind^ LXni, pp. 182-1 87, (1980). 

* Hao, Owf. g«m. IniL, LSIffl, pp. 89, 90, (1980). 
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(particularly OrtJiograptus) is the moBt common genus, with a fair 
proportion of Glhmcogmptm and Monograptvs. AU the genera 
are represented by a number of species and the assemblage is tenta- 
tively regarded as Lower Silurian* No branched Ordovician forms 
were found. 

East of Aiochaung {21° 0' : 96° 33' 30''), these rocks are inter- 
bedded with rhyolite. 

On the eastern flank of the inlier Dr. Coggin Brown obtained a 
fossil fauna that he tentatively regarded as of Naungkangyi age. 
This view is confirmed by Mr. Sondhi, who miule further collection 
from the locality. Jlocks resembling those mudstones wore mot 
on the top of the Taunggyi riflge and to the north of Hopong, They 
also form part of the Taunggyi range between the towii itself and th<^ 
Yawngh^^'o valley. Fossils collected from these rocks include 
cystideans, bryozoii, trilobites and lirachiopods. Several specimens 
of 0 till in bear a close rcsemblaiico to those obtained from the 
Naungkangyi series of the Northern Shan States. 

The Otihoceras beds mapped to the north-east of Piudaya (P^g- 
tara) contain a greater proportion of shalos than are found in the 
type locality further east. Specimens of Orthooeras sp. occur abun- 
dantly in those beds, and Mr. Sondhi discovered graptolitc shales 
near Kyawktap (20° 52' : 46° 30') wherein Dij^raptus sp. and 
Mmograptus sp. are conspicuous. 

The Mawson series mapped and described by Dr. CJoggin Brown 
in the neighbourhood of Mawsim (20° 57' : OO'*’ 4G' 30") was found 
to build up the whole of tho Mawson upland, as far longitude 96° 56', 
whore it ends in stoop cliffs overlooking the alluvial plain to the 
east. Tho few fossils collected by Dr. Ooggin Brown wore, in the 
opinion of Dr, Cowj^er Reed, sulficiont to stamp the rooks as Ordo- 
vician. Mr. Sondhi collected a few more fossils from here, and 
jointly with Dr. Ooggin Brown discovered a new fossil locality in a 
railway cutting east of Hoho. 

Tho low elevated ground separating the Kiinlon and Yawnghwo 
valleys in the eastern portion of f'heet 93 D/13, is composed meetly 
of mudstones and limestones, somewhat different in lithology from 
any already mentioned. A few fossils, including well-prosorved 
specimens of Phacops and Otihis sp., were o<dlooted from them 
and it is hoped when the ojmminatioii of the material is completed 
to establish their stratigraphical relatkais to the other fonnations. 

Mr, Sondhi made a long traverse east of Taunggyi and coDected 
Ponim-Carbonifocous toesila from several looalitiefi between Hopong 
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and M<ngpawn (:^8tU m\W). Mist !ioi iom (t'lHth inil<') Uo dia- 
oovwid two iu‘Av tz/aptoliti (m‘*1s in -Mldition iio tli<‘ <mu* Tound l>y 
Dr. Co^gin Drown, und nnir ;u» lN>ou (<»0tli Ik' t.ln* 

oocnm*ii<io of another r<‘rrno-(!arb<«uf(‘i‘ous fossil lo<*.dit,y, 

95. Mr. D. 14. C}n])ta (*o!»tlmi<Ml th<* syst<nnal.i<* survey o| parts 
of the Lower Ohindwiu and Hliwobo distri(jihS, workinuf on 1 i<m4.s 
H d “N/ll N/12 nnd N/lb. The nortliorn hsll 

Shwebodisirkts^*” .ho<‘t 8d N/IL east of the Mn IJivt^r, was 

mnpped by Sir. Sondlii in (ield sivason 1929 
*40. Thi‘ southern ((Oition of the same re<don proveri 1.o b<' <‘ntiTtdy 
noven'd 1)y alluvium. To th« W(‘st of the Mil riv<T a narrow alluvi.d 
belt IS suoo<M‘dod by a zone of [iliiteau deposits eraveJs and lod 
earth — which in its turn gives [>lac<‘ to a fringe of Irrawiddians on 
the edg<‘ of tin* sheet. 

Sheet N/12 is cov<t<m 1 by the siinie tonriatious, the hTiwarldians 
being liest dev<4oped in tint south-east (lorner, wh<‘re they iionsist 
of Indf and gny sandstion(‘s, whitish <*al<‘*areous sandsl,oii(*s with 
intercalations of hard nodules, ancl lioddinl argillaceous sandstoiass, 
all of which w^oather into <iap))iiigs of reddish and whit(‘ s«inds. 
S<‘le,nite w'as found on a hill i j mih* N. K. of ({}’>'<*bon (;i2“ I' 
95^ dl') and casts of Hiftiana an<l fossil wood at. various phM*.<'s. An 
asjTumetrical anticlinal fold oernirs to the east of T«d»avingw<^ 
(22^ 4' ; 95° 40'). 

The northeni portion of hect 8d N/15 was nuipjxMl by Mr. 
Sondhi in season 1929-40, w^ho discovcreii a, narrow band of m<4a- 
morphie. rocks n<*ar Thayetkon. on the western bank of the Irra- 
waddy (22^' 24': 9?)° 58'). Mr. (hi[>ta ha.s foJhwMxl th<* ixMindaries 
of this and has ])i*ov(‘d its continuation jwiross tlie sh<x»t, t,o the smitli, 
parallel to the Irrawaildy. Near flinyaw-u kyauiig (22' 2!':95‘ 
59') its outcrop is about a mill* in wiilth, nar*rowiiig both to the north 
and south in th<^ direction of the strike. 'Jin* metamorpliii*, roi^ks 
thcinselvos consist of hortibieude-, nue.a-, *ind fpiarl.z-schists, gra- 
nites, epidiorites and crystidline liinestones. They are jirovisionally 
referred to the Mogok series. Thf» renniindcr of the shoot is occnpii^l 
by alluvium, plateau deposits an<l fiTawafldian roeks of tlio usual 


types. 

96. Mr. Leicester complete,d the geological survey of Jlangoon 
and noi^bourhood in coinioctioii with his work on the underground 

Rangoon supply of the city menbioaed ou page 

74 under the htiadiiig of ‘ Water \ lie 
produced a geological map of Rangoon and the countiy up to 16 
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miles to the north, ou a seal*' ol 2 inohoR to the mile, aiul fwwn 
horizontal nections acioss seleitlod of th<‘ oity. 

The stratioTiiphieal ,’>e4|iionre woihed out hy Mr. LijioesT»<M 
he oiitline<| as follows * 

Alluvniiu . 

ITppoi’ Delta Allnvium 

Innesi.in 
\^ Hul<M 


J-Dw<7 Delf < Vilinium 


(7nooni»)iimt;i , 

viios. 

IN“4U Sfiies. 

-V. /i.~ The liipin^s in l)r.uk<‘1s it‘tei to levels it^cliKed to the Survey datnm lo-^el whn h 
IS Mean Sea I^oxelat Ainher«i1. 

Mr. Leicester dcsnihes (*xposures in JJan^*oon and tho geological 
structure as int(*r[jret(‘d Inmi Jd7 strata logs, uunwnons borings 

along the river Iron! and paith*nlars ol over 4n<) tul»e-\volls sunk 
in th<i area, as well as Irom th<‘ siufaee leatines. Il<* attempk^' 

a eorrelation ol tin* gtavelh with the os<MlLdioiih ol land and sea- 
level. In Mr. Ia‘i(*.ester‘s o]>iniou tJu‘ availahh^ evideinu* go(*s to 
show tliat, in agretmuuit with recent oc<‘mu>gi*ai>luc row^andi in the 
Indian Oc(‘an, there hav<* h<‘*‘n oscnllutions ol sea-lovel whitih may 
eventually Ix^ (*.omdat.4*d with th<* world-wide oscilUtiona o£ level 

that weT<‘ *‘xiM‘ri(UKH‘d <luring th<‘ (llacaai Periods. (}<‘rtiain pheno- 

mena may lx* a(‘<*oiinte(l for l>y the rising and warping of tht‘ sup- 
posed Hang(x>n 4intielin(‘ ; luit in Mr. Jadeestt^r’s opinion tlio rising 
toiviency of th<» getamtielines of th(‘ In<lo-Malayan mouiiLiiii arc 
must jx'rsist and tin* vi<‘VS' that th<‘se geoaiiticlinoK have ])eriodically 
rcverstnl tlwnr ttmdenoy to rise in favour of subsidejwu^ is untonaldo, 
and tho exida nation of tho phenomena must lio to a great <‘xteut in 
fluctuations of sea -level. 

Assuming that the gravels were deposited at places of low sca- 
Icvel and const^quent shallow estuarine conditions, Mr. Ixncester 
suggests that the terraces recently studied by Mr. T. 0. Morris ot 
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the ludo-Biirma lYtT'oleum Coinpjuiy, iu the ociitnil Jrriiw.i<i(]j- 
valloy, may roprosont the e.onTOiN)iuliiig mi<‘<‘»‘asiv<‘ pluiH(‘K of 
soa-lovpl, the hoi{?ht iittaiiied diinininhine with m«-r<'f.Kivo oHoilla- 
tiona. 

97. During the iO.'iO-:}! liehl WMSoii the Oi'iitr.il I'lovimica Party 

consisted of Mr. IT. CVookshnnk (in clurgc). 
Central Pravince, Party. ^ ^ (JJiatterj,>« and 

Sub-x\ssistant T). Btattacharji. 

98. During this field fioason Mr. CVook,sluuk continued his survey 
of the noitiioni part of the yatxnira Range in the Jlosliangahad 

and CUiindwaira (lisiricts, his original work 
lying ill Hosluingahad district in sh<‘(‘i.s 

55 F/7, 10, 11, 14 and 16, and 55 J/:h 

Tliis work almost conipk^tos th<* sm*v<‘.y of the nortlu'ni part 
ol the Satpura Haongo, and Mr. Orookshank now propounds tluj 
following as the succession of formations iu this tract:-- 
Alhivium. 

Doccaii tr<i]) Hows and intrusions* 

Lianiota. 


Hoshani>abad district. 


fUpjKjr . 


Ooudwnua 


Archcoan. 


1 


Lower . 


Jabalpar 

< Jabalpur uiiuro. 
* idhauffAii slfhj»o» 

MaliarLova 

( {»ui>ra. 

.*< Doiuva. 

Bijori. 

Moiur. 

Barakat. 

Talchor. 

kP.udimaiiii. 


As Mr. Orookshank has now incorporated the results of las 
work during the past few ye.iu’s in a memoir on the ‘Nortin'rn 
Slope of the Satpurti ’ offered for jmblication, it is tin«('e<‘swify f<» 
refer to this season’s work in detail. Refemicc may Iks nmtle, h{)w- 
ovor, t)o a few salient points. Along the northern etlgt) of the Stit- 
piifc-is, whore they meet the Narbada alluvial plain, there is a striji 
affected by a system of post-Deccan trap faulting with a geneial 
parallelism to the edge of the Satimias, f.e., E. N. E. As a result 
of this faulting, Deccan trap flows are found both beneath the al- 
luvium at its southern edge and resting on various older formations, 
ArchsB.an and Gondwana, up to heights that suggest that the total 
downthrow to the N. N. W. may amormt to as much as 1,000 feet. 
The intrusivo phase of the Deccan trap, dovelopod so prominently 
in the country immediately to the south of the Pachwarhi plateau, 
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rnpwlly loses its ijinportanco in the eonntiy to tJio xrc‘Rt of tlic Denw« 
rivcM*, tlie only noteworthy occurrence bein^ n slrino; of lenticiilar 
«lyk<‘s . a ^reat fault streteliiPf. N. K V\\ fiojn iu*ta* thnndhia 
^0' ; 77'‘ 14') near tltc Uoslian^ahad-Be^ul l>oi*(lor to near 
Gro]an<lor« on the C(U*c ol the N,o»/a<la ])Ioin. Tins lault lias a 
downthrow to the west and brings in the Jhidhnnai area (22^ 22': 
77*^ 32') a great spread of J.abalpur Vds, Vvdiich ai * ftCen to overlap 
unconformahly lower members of the C-ionflwana system from Eagrn 
down to Bijori. Mr. Crookshank has tarried his inap])inp as far 
west us Lokurtalai (22^ 21': 77° 2d') otl the Moiund river and 
eonsiders tliat he has proved beyond a d<>ubt that lh<» Ijoluit.alai 
coalfield is of Jal)alpur ag<\ lie is coutirmed in li:s mapping of the 
tract w^st or the lault loferrod to aliove b) the discoA'cry of tonsil 
[dunts in black shal<\s associatol with the coal moasuics of Lokiir- 
taUi. Tic mentions Ptiloplnjlhm (wut folium, xhmmtrUa^ cutehatm^ 
and scant* otlier <lout)tfully determinotl forms. In other parts oi 
the Jabaljmr tr.tot DioLijozimitea and Tietnojtln ih have* been found, 
Rugacsting that these rocks belong to the Chaugan stagt* of the 
Jabalpur seri<»&. 

99. From Fe]>ruary to April, 1931, Mr. W. D. West continued 
the mapping of the Sausar scries in sheet 65 0/0, and almost com- 
pletcd that portion of the sheet which falls 

agpuf sne Nagpur district. In the main his work 

was a continuation of that of previous field seasons. The t^o 
main belts of cahi-granulite and calcitic mmble in tin* wort coritial 
portion of the sh(‘et, the one running through Botina {2V 33' : 

79° 21') and Khapa (21' 36': 79° 18'), and the other just Routh 
of Kadbikhern (21° 37': 79° 18') and Bnkliaii (21° 38': 79° 18'), 
when traced along the strike to the north-west meet just cast of longi- 
tude 79° 15'. These two belts are regarded us anticlinoria, and 
tlie intervening portion as a synclinorium. There is t*videutly a 
gentle south-oaaierly pitxjh,ns the synclinoriiim gradually dies out 
north-westwardfl, whilst the two ujitielinoria meet around its noi'th- 
west eu<l. It is along the pit<jh of the synclinorium to the south- 
east, as it gradually opens out, that the Deolapar 'nappe' appears 

and gradually assumes a position of importance. This 'nappe,* 
to which reference was made in last year’s General Report, ^ con- 
sists mainly of an impure facies of the Bichua stage of dolomitio 
marbles. As it dies out north-westwards its appearance is confined 

1 JSec. Qeol iSun. Ind., LXV, p. 103, (1931). 
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to a fow njiTOw oiii(‘i*oihS, hxo ol Ihe synclinal folds ol Ihc ‘ na]>]>o \ 
lK‘fon‘ it linally v<uiiHli<*s iido 4li(‘ aii. 

The niappiim (»f ihc north west oiid ol tin* sonlhoiii Ircll ol calc- 
^ranulilcs is jnu(*h coni plica ted by tlic intrusion ol a gi(‘at <juaii1it\ 
of grunite and pcgiuatili^ iir uu UTc^Jiilar and iji1ncat<‘ nrannci. 
In ]jlacoH thor‘c la ni(»ic i^iumuih rock ttiaii nictainorplric ruck» v^liilo 
frequently the mctajnoi pliic jo<*k lias been i<‘pJaced in M^lrolc oi jrait 
by iunoous material imduding vein cpiartz, making it v<‘iy troublo- 
sonro to map. 

To the north of tbchc iO(*ka, north and iiortli-wost ol Usiipai 
(2r ;n' : 79^’ 20 ') and Ikrkhnr'i, Ibere c,ornes a large ar'ea of .dnaky 
biotit e-gneisRes and pegjnatih^s, tlw^ whole ol which arr' r'egarded 
as of ign<M)UR oi'igin. The pegmatite and vein (piariz rnagnra 
wdii(*li Rw^amjied tliis area must (‘onstitutt* nearly hall the bulk of 
tire rocks. 

Further north again, the belt of rocks coiiHisting ol wlrit<‘ dohv 
mitic marldes (llichua stage) and glassy inicro<*line-(|uait/at<‘{‘ 
((^horbaoli stage), which has alread}^ b(‘en jna}>pe<l (‘ast ol the 
main road between Ohhawara and Karvvahi, has now^ b(‘en ma|rp- 
ed west of the main road around (Jarra (21' 10' : 79' 24'), 
Knrsipar (21'* 40' : 79° 22') and further west, and to th(‘ south Tip 
to the Dlioria nah. In tlie forest south of Garra th(‘S(‘ roelrs oc<ui 
as very flat antielinos and syiwilines. The marbles cap the highei 
ground, and the quartzites underlie them. Only oceasionnlly is 
the Jnnewani stage of ‘ tabloid-schists ’ soon in between the quart- 
zite and marble. To the west of Kursipar, the Cliorbaoli, Junewani 
and I>i(*hiia stages all occur, in long narrow altoiiiating outerojis. 
On their south shle th(‘y conic up against the extensive oii1<*rop 
of orthogneissos rofcj’riKl to al>ov<‘. There is (‘vklenc<i to suggest 
that the junction between the two is a discordant one, which agr<‘(‘s 
with the conclusions reached in the previous season when (healing 
with the southern edge of this same belt to the oast of the main roa<l. 

109. A late start follow^ed by a .serious accident^ reduc(*(l Sub- 
Assistant D. S. Bhattacharji’s field-season to little more than two 
months, whilst even this short period was in- 

Nagpur district teiTupted by attacks of malaria. The port 
surveyed lies in sheet 0/15 (the Tirora sheet) 

^ Mr. Bhfttlachnrji fell rlown a pit dug as a trap for wild animals : the pit was covered 
at the surface. As a result of this fall Mr. Bhattaoharji broke several bones, but T am 
glad to report that he has been able to resume work in the Hold late in the field season of 
1931-32. 
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Bhaudara district. 


between tlu* two billy areab in tlie iiuiiii-Avohi and south-east <‘orrieifc 
tlieroof. Much of the solid g(‘olojry is niaskc^d by alliivhijn, so that 
the isolai(‘<l exj)osurc8 juaj)[)ed cannot be eorrelated with any degiK 
ot certainty. The exposurob can, however, he classiliod into two 
series, the Sausar and the Sakoli, the distinctive characteristics oi 
which have been described jjrevioiisly.^ llic Sausar series is re- 
presented by amphibolites and (*alc-granulitcb and the Sakoli series 
by chlorite-bearing schists, phyllites and quaitzites. The asso- 
ciated rocks of the Sausar series in the area arc dark-ijoloured. 
tine-grained biotite-gnoisses, white acid gneisses, felspar-bearing 
schists, quartz veins, pegnmtities and granites. The bounclaiy 
l)(‘tvve(Mi the two series runs N. E.- »S. W., a])proxiinately along a 
line jointing Khamari (79"^ b9' : 21° 23') and Panjra (79° 48' : 21° 
IT)'); to the nortli-wcst of this line lie ro<*ks of the Sausar and to the 
boiith-east those of the Sakoli series. 

lOJ. During the iield-season 1930-31 Dr. S. K. Cliatterjec con- 
tinued Ids survey of the Bhandara district and completed sheet 56 
P/i3 (tlie Sangarhi sheet) in addition to the 
ceutiiil and eastern portions of sheet 64 C/4 
(tlie Arjuni sheet). He obtained further confirmation of the se- 
quence arrived at as a result of previous field-seasons* w^ork.^ In 
tlie Ai'juni sheet the central plain forms the core of an anticlinoriiim 
whose axial i)lane strikes K.-S.; much of the solid geology is <‘u- 
vei’od l>y alluvium, ])ut the rocks that emerge to the oast of longi- 
tude 8iy' 5', consist of amphibolite or dolomitic marble and calci- 

phyre in a ‘country’ of aplite and biotite-gneiss ; chlorite-horn- 

blciub*-epidoie-s(*hisis are sometimes found in })lace of the amphi- 
bolite, and chlorifi'-tremolite-scliisis in jduce of dolomitic marble 
and illustrate regressive metamorphism. 

'riie green rpiartzite that gives rise to the two parallel ridges 
through MahaJgaon (2P 1': 80° 2') and Lawari (21° 3': 80° 1') 
contains chronie-vanadium-mnscovite and is thought to rcpi'escnt 
a facies of the Ramtek (iiiartzito. Southwards, the Mahalgaon 

quartzite passes into hematite-chlorite-quaitzite. On the east, 
the central plains gives place to a hilly tract hoimded on its westeiu 
margin by a low range of hills. These hills almost always consist 
of the tips of synclinoria formed of hcmatite-scricite-quartzite 


^ Jlu, (JeoJ, jS'M/i;. LXl, p. 1 1."? ; op. c/7„ LXll, p. 132 ; op, dU, LX I I J, p. HO# 
8ou albo op. LXV, p. l07, (1031). 

^Sec. Oed. iHurv, Ini, LXV, p. 106, (1831). 
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infolded in nnd jiuspilito, A1 ilio western foot ol Uiis Iiill- 

ruiigo nrnphibojito unclorlies tlie jtliyllileM .itui j*KS])ilile, so Ihal 
ll the *uu|>hiholite may be i‘t*g*u'de<l us beloiojott* 1o iiu Sitapai 
iiUgo of the scMjuenee, th<*n tlie |‘iS|nli(e and |di\lh(e inu> 

1)0 roeanltMl aw eonvs])op(lln to tli<‘ Sj'jMdiolu .staii, , tfusi (slabls liinji 
a oocrelalaod between tlv‘ heinatite-Heneile-<|Uurty:ile undtl e IJainhdv 
quartzite in aeeordaneo with the simg<‘ut ion luudo in tin' lari tle/icnal 
Koport^. Tlic quartzite oiitero])S strike N. IH H at a slight 
angle to the geneial N. — S. strike of tin* ar(‘<». 

In the fiouth-e«vdeni ]»art of the vsheei tlnvi' sNstejns ol laultin^* 
have l>e('ii dete<ded. These wtrike N. — H,, ri.SJC. and 

N. 15^ E. — S. iri'W., tin' lirsl two beinu indieuti'd by eiushed quaitz 
voina or JOKToeline quartz pt'gnud ite broeeias, and tin* latter by 
cjomminuted <iuartzit<‘. 

About OTU* Tuih* west of Magarra (21 'V : SO TJ') quartzite is over- 
lain by phylbti* nid the latter by sheur<*tl h'lapatliK* ((iiai1z-< on* 
glomerate similar to that alreiuly dosea'ibed from near Kf»]dv'a ^ 
This ooiiidomeiate is a piodmt of a s<»t of thrust lauHs, eoimpicuous 
at its western margin ; the primary oin*, uhieh has a dij) of from 
30^-10% has been traeod toi 2*^ milos. A Telate<l fault striki's 
E. N. E. — Vf, R. W, at the soutli-eastorii eorni'r of the conglomerate 
oufccroj). The <*leavage phinos oi the I'onulomerate are not uniloim 
at\d as a rule form an angle with the regional strike. 

The fonnations deseribed are sueeeedt'd by a gn'ut ihiehiiess of 
ap|>aTe»)tly uneonformable ‘ grec'iistones/ which incliab* (‘pidioiilt* 
nra! it 0 - porphyry, and daeito lulls containinu epidote; the jum- 
tiou of tiu'se rocks with the umh'rlying s<'ries is vi'vy <liHtort<'d 
by shearing iMul fault iug. 

In the north-eastern portion of the sheet occurs a large <*NpoMirt* ol 
mus(30vite-biotite-gi an lie, whilst sii»all ouUjtops of the sajue eraniti 
arc scattered througliout the sheet. The granite is gently loliated, 
except near the periphery wb're the foliation is mor** inliuut*. in a 
N.-R- direction aud contains large felspar phenocrysts, wliich are 
aligned in the same dm*(5tion and dip at low angles (5*'- lb") to tin* 
e^ast or west, A system of cross joints strikes and con- 

tains opidote-quarta veins, often, wavy and slickonsided, whilst a 
later loss oonspicuoiis set of tension joints strikes N*-S. I’lie 
boundary of the granite is often faulted, but its motamorphic effects 

^ Loc, cit,, p. 108. 
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axo nevorthelcsa very ovklent. Veins of quartz-dumorticritc-rock 
arc associated tlio granite at tlio knoll one niilc W. 10“ y. ol 
Uscklictla (2r 7': 80' M')- 

TLc liillook a 1 ) 011 1 tao miles iiortL of Maldunga (21'' 18' ; PC'" 
7') is formed of rutile-cordicrite-kyanite-biotite-scliist. Tt is sui- 
roimdcd on all sides by amiiMbolite into •wMoh. coame biotitc- 
granito and pegmatites arc intnided. The hill in the oxtieme 
south-east comer of the sheet is covered with latorilic iion 
ore assaying t6'6 per cent, iron and only O-l per cent, phos- 
phoms. 

The moot interesting discover}’- in sheet 55 P/J3 is that of a coarse 
Liotite-granite about miles distant from the sillimanite occur- 
rences at rohra^ and three miles from a tounualine-damourite- 
ochist band at Kaueri (20'’ 59' : 79" 61'). The latter is found in 
two small outerojis Ij’ing within the village and strikes N.-S.; it 
is associated vdth chlorite-muscovite schist and is intruded by nu- 
merous tourmaline-bi'aring and other quartz veins. In the imme- 
diate vicinity of the granite the chlorite-muscovite- scliist has been 
converted into spotted schist, whilst further away large porphyi*©- 
blasts of stauTolite occur in otherwise normal rock. 

The sheet is extensively covered by alluvium and the isolated 
exposures mapped consist for th(' most part of chloritc-museovite- 
schist, phyllite, and seueite-quartzite in continuation of those found 
in the odjoinijig Pakoli sheet to the north. The general toliation 
strike is N. — S., whilst tw'o prominent sets of fault-breecias eomposerl 
of crushed quartz, strike N. — S. and N. N. W. — S. 8. E., res- 
pectively. 

Bauds of (lumoi’tiorik'-topaz-kyanite-muscovite-Bchiat on a N.-8. 
strike are found at Dighori (29° 53' : 79“ 55') and between Daliegaoii 
(20° 48': 79° 65') and Mui-jhar (20" 50': 79° 55'). At various 
places along the strike of these bauds quartz-breccia -w’as observed, 
whilst occasional suuill outcrops of granite were also found in 
their neighbourhood. 

102. For the field season of 1980-31 Dr. Iyer, Suh-Assistant, 
was transferred from Burma to Madras, whore he surveyed areas 
in sheets 57 P/1, 2, 3, 6 and 57 L/10, com- 

J^rw Presi^ney : prising parts of the Vellore, Walaja, Pdur 

® ^ and Tifuvannamalai taluks of the North Arcot 


^See. Oeol. S«rv. Ind., LXTT, p. 134, 
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During IJu* <‘<)ura(‘ nl lim hur\c_v l>r. lyci waf. alilr In ch- 
tablisli tbc following HiioocaHioii of j-ooks in (he area : 


ArahacanJ 


I). Alluvium. 

5. Dolerife dylvCH and sillh {(Ju(l<la|)iiL). 
<1. Newer granifc and gneisBeK. 

3. Cliarnoctite series. 

2. Older gneisses. 

1. Dliarwurs. 


ri; was not iiossibk* bo (leliTitiiiie ilie relafionsliip ol lli<> Dbarwurs 
to f.lie Older gneisses owing to fins lack of Huilal»l<> c‘A|»0Kiu'<‘h. Tlio 
order shown above is that lujeeplt'd by llie Alysori' geologisfs. 

Tlie Bhnmvrs ooeur as fbin baiaks (hk'Iuhioiis) in cliarnoekiU 
and eonsist of banded Iiojnafito (|uarlzite (wifh jiiagneli(e) and 
hornblende-schists. Home of these oeiurrenees are inlrudi'd by 
ohamooliite, leptynite and norite; they show complicated loldmg 
In the ex|)osures in Kavutliy Malai and Vedappan Malai there ar* 
two varieties of lieinatite-<|uart!iite, one a coarse-grained rock, 
and the other a finer-grained and banded tyjx'. 

The (fldcr ffnem consist of (<t) higlily foliateil, liaiided, fissile 
<uid highly weathered gneiss, with pegmatite and <(uaj(}', veins, 
and (A) hiotite-gneiss, occasionally eontaiiihig lioinldende and 
garnet, with abundant intruded vidiis ol peginatife and tjiiarlJi. 1'h<> 
strike of the foliation varies botweiai nortli and north (>us(. lie- 
sides being well foliated tliese nasks are very higlily jointid flu- 
jointing often giving the ap|M‘aranee ol stralirieatioii. 

The rocks of the elinruorkife m-iiv eoiitribufe to tlii' projuiiKuil 
features of the area. They show considerable variation and diller 
somewhat from the rocks of the type localities of Kt. Thomas’ Rlomil 
and I'allavatam. Kailasgarh Hill hi (he .lavadi Hills, souliiwist 
of Vellore (12° 55' : 79° 8'). is composed of what Dr. Iyer terms 
biotite-eharnockitc, both coarse-grained and mediinn-grained varie- 
ties lieing seen. Vlow structure in the form of busie ischlimi is 
common, whilst banded and gnoissie forms a«' also seen. AltJioiigli 
these rocks liave the general aspects of the iw.ks of the charnockitc 
series, yet it is difficult to apply the term clia rnockite itself (‘veu to 
the acid forms, and hyiierstheue is not an invariable constituent; 
it is present ocoasioually, hut a mouoelinie pyroxene, slightly ploo- 
chroio, is much commoner. In some rocks both pyroxenes are 
absent, the ferio-magnesian constituent being represented by biotite 
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01 Ii ».ii AiM f MX lie and lioiiibloiide lia\o not l>c*in 

11‘^iiiioii^il ill lla bt>»M<l:iU‘ oi J^dllavataiU piid St. ilcii'as’ llouiii, 
tli('r .Uvi * nmnoii iii lijo lob ted locLn of NoitJi Aicot. tJie qiiaiitu} 
iho juiinie oi 11 )p ) ’otik bpolrecl. !)fincefl oi lolialed 

ao[)e/ra»u'e to tlie lockh Jroi»-oio, u].atiie, zircon, monazite, 
sohene, epidctc. and lafilc weie noted as accesssoricb in the (hainocL- 
itoa in Fortli .Vrcot : ihxeniit (onii.s tbe major pai^ cf the ncu- 
oij. Contact-altcicd cliainockites with sillimanite aie aLo loni'd 
as hiolily handed .oelcs, whilst the chainockiteR al&o bho^ epido- 
tIr)ation on tie tops oi certain Lille. 

The iijarnoi if crons le])tynites of Pallavaram, as detciihed Lt Sn 
Thoitiab Holland, oc< nr at the maigins of chainocLite wheie it < cmes 
into contact with iiiabsob of norite. In Noith Aicot leptynites 
M*x found appajcidJy as iutrudione into the eharuoclateb, indepen- 
dniUly ol itii i>n*scn<e of notite. One bueh occunence is seen north- 
xa-t of Lvaniiauiangcdain (rr D' : 1\f U'). The leptj^iiites of North 
\t‘<ot vary fjom tliobo ui lallattiiani in lextuic and. in mineial coii- 
buit-j. Tliev nsiially contain gainet, and someUmes biotite, whilbt 
i<dic‘i/ p\io\<fi(‘ Is also present. The abnormal natuze ol the &o- 
(*alled cliimo(*kites aiifl the presence oi apparent intrusions ol 
r^ainetifoious leptynite may be a lebiilt of regional luetajnoiphifcni 
a Meeting the (*ntixe complex. 

Tntennodiato inenil ers of the charnocldtos series appear in local 
bands or thin veins m the blotite-chaiiiockites Basil mombeib of 
the series are more \ri()<‘]y im [ with, OLCuii-ng as iiicgiilai jalches 
and inclusions^ and as thin vouls an<l thick dykes. One inteiobting 
evposui-c near Adaiyor (1:1^ 16': 70^ .1') loim& an eUipse, 2^ 
miles long in a N. E.~ S. W. direcliou. The rock is a daik 
liorn^doude-auiilbc-nonle. TJiib basic t^^^ie lontains h} jeibthine, 
auglle, hornblende, iron ore and a] ntite, whilst labiadoiite Icims 
an iif»jK>ilani constituent and quaitz oecasionally occiu’s. 

Two types of ]/}us\en 2 ic an<l | yiOMiie-anipliil oljtc aic met 
with, namely («) a t/pc rail in hypersthene and (b) a tjic lich in 
homiJendo. Tb^^ latter ty[io giades into amjihil-oLte. fconit olntnc 
occurs in iriognlar grain? in a pjTOXtuie-amphiLolite \>ebt of 
Chinnamalai (12 25': lo'L 

In cheet 57 L/10, the noith- west corner of the Javfdj Hills 
is made up of pyioxene-genoisses closely alhed to chainock.te^. 

The groTiifPS oytd gneisses are intrusive into the chainockltee. 
They consist of a pink gneiss in sheet 67 P/1 and a grey boinUende- 

T 
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t>now m n? P/3 Tli#‘ piulv ifnmM‘p aro imMlnini to I'Miucd 

ro<*lvrt <*oniji<wl ol ],um‘ t‘i^st.als <il It^l^pai, and Jnoldt*. 

wii.li iron-uro ,iiid aptiiito as acco»M.uny jainoiaU. Tin* tpinil/ and 
Wqiai* o(*our III <rv.stals and iuim dij-dimt* haiul^. 

Bartio d^'kc^ in most of the cliamoeldleb mid eneisseh map 

[xh! duiint* t.1ie boatioo. Thei ^ieneiall}' sfnke lunlli jioiith oi oast 
wr»ftt, and aio iei»m*drd af, lM*lon<rnig to tlio (Uftldaptth coUnuK urns, 
Th(»y vaiT fioiii }iemif*rv»tulliiio ly|M‘s to por]>hyJ*i< »’ noiimd dolm 
ito'^ and to lioloorvbtalliiie roi*ks. Th<‘> also show a 

lion iij eoinpoMtion fr«nn oliVine doleiite to a doloiite rontf[iniii<» 
a ooiiHiilorahlo uinoiuit of nii<To-]>of!iiiatit;(' aiul residiiid 
Thill ImiuIh of alioiod liasir looks me also present in a few loenldies , 
thev vary fioni “oidiorites to iMeks i]»]»io\imatiny to stentit<* io(*k 

10‘3. Ominif the (ieltl season of Pr>0-t31, the Ihirijah .ind "Noilh- 
VV(‘st Priilv (onsisted ol Ih* Cl. de P Ootfer, Messis. Ill B (Jei^ 

W. I). West, .1 R. Uidon, and fhdi-AtssisImits 
\vS"par\y*”** ^***^*** i^«hiri and W N. Muteijee Mi I) N 

Wndifi |n*oee«*d(‘d info the li<d<l Inie in th<* 

aM-Jon Hid was <pvi‘n an mdepiMnlent elintjfi* in Kashmir. 

101. Pum November 19:t0 till Mareli 10:U, Mi. K 1}. (!ee i^on- 
tiioexl the re-siuvey of tht‘ thdt J{,ne»e Punjab. The mi-ns mapjied 

SaltRai« 5 C Paniab. .“'‘l 

nd^e und the adjoininsf northern end of the 

Charabal rids^e (Rhcola 43 JI/5 and fl/C), the Karan^nl ridpc and the 
adjoininir aoiithorn end of niljabn (sheots 43 H/1 nnd 11/2), ihe 
noitht'rn of the Salt Raaste phiteaii Jjetwceti Fvhujiirla (32*' 4t>' : 

72° no') and Kliokhar (32° 47'; 72" 40') (nheet 43 I)/I3) arid the 

'cavp HlopoH betwfvii fho Bardahi (Bardi) j'orife and the Kalia Wahan 
(sheets 13 O/ltl and D/0). The latter area iia hides the Ndawaii 
t'orpfe. 

Aceoi'dhis; tio Mi, (lee, the i^eneral fltrati{?m])hienl fteipu'iiee is 
similar to that in the adjoiiiimr are,ns of th(> (‘astern half ol the Halt 
Range. (Se(! G(*nor,U R(>porfs for 1929* and 19.30*.) 

Tiie ffnll Mail mm is exposed within the sontheni j)art oi tlie Jogi 
Tilla ridge in tlie viainity of Nara (32° 48': 73° 24') and crops out 
again in the north(>rn end of the Ohntnlml area. In these aieas, 
only th(‘ wp])er ])art of the series, imdiiding n'd marl overlain by 
inassiv(‘ gypsuna and dolomite, is ohsoived. Similar ontd’ops ti 

^ntt. Gedl. fImB. InH., liXlIT. pp. 1*2 13H, (1920). 

»Op. eft., LXV, pp. 114-118. (1931). 
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iljo topmost poiiloii of tlo* horios oto .M»niu <‘\]»osf‘(I *m 11 h* ^'nnih 
wosttM'ii slopi‘s of Mh“ Knraii^oil ruipo hi tlio hnsnl scaip h1o]»(>f, 
to l.lio wost.. liowovt*!*, hctwocii tlio finrJalii aiul I1 m‘ Kalrn 

WmIi.ui, aiul witliin llio iiutiioroiis oorj^M's A\liidi tin s<*arp, 

wi<lor and ilnrlcor oiii<*rops oemir. *rin‘SO <'\posuJVS inohule 
l/1m 11 <mI Malt M.irl (wHh r<»<*kj‘.nlt) ripped hy massive 
doloniihi, Sind Kliewra trap, and «rul<‘rlain !»> tliirk dall red fjyp- 
seons nuirl. 

Tim ov'erlying Parade fiinuhhm* aeries is iiRiinlly well r<‘pr<‘S(‘tjted 
and varies from to 300 feet thick. It itielndes t!i<‘ tyjaeal 
maroon sha1(‘s sind fla<^s sit» the Imimi* followed ]>y masvsive xnaroon 
iind ImIT sandstones si, hove ; at Jo/(i Tilla, these liasal sandstones 
ar<^ <‘.on<^lonieratic. 

Th<‘ (htmhrian W.9 - iiudiuHniJi tLe NimiIioUih Khali* snul Msi^^ne- 
aisin Rsindslone strsitsi ‘Wliioli ovmlie the Purple Kandstones, con- 
tinue throm^hout the easitern nresis, though west of the Ksinlolii 
the IV[a<^nesisni Sandstone dijniiiislies in tliiekneps and evonlitally 
di*ss out in the vieunity of the Nilnwan iifor^c. 

The dark hmI shales and lla^*s of the Rail Psnulimtor}th beds, 
are exposed in th(‘ dof(i Tilla area lliey are aliscmt in Cliajuhal, 
po-isihly as a result of tlmisting, but enip out nyain in Karangal 
and niljaba In the more vvi^stern tracts they are nhsent alto^elher* 

The R periled Rartdstone smes, inelndin/:? the Tnlchir boulder- 
bed at I he baK<‘, is not represonterl in the <Jo^d Tilla and fMiajubal 
ridi^es. It is present in the Isarain/nl ridee M'<juenee o^eTlying 
the Salt Pseudoiuorph ImmIs. The seii<‘s is Inu'e rdativtly llin, 
but in the s<*ar|> slop<»s further west the Speekhil Haiwlstones attain 
a vtuy oonsiderabb* thiitkness as mueh as feet in the Nilawan 
"orije. In tfnw* wesh^rn tracts, tln^y rest direclJy on the Ma|?ne- 
sian Sanilstone and still further viost on the Neoholus Shale beds. 
Alt<*rnatini': thick red clays and jpfriity sandstones, overlain hy dark 
purple and lavmuler claya, comprise the uppeu* ]mrt of the series 
in the Sanlahi Kalra Wahan areas. Bands of tine, whit^ cal- 
can*ous sandstiOne, interbeddod v^ithili the 1iO]iinoflt idays of the 
Nilawati j 3 (or#^c, include frngmentiiry fisli-scales. 

Within the Nilawan ^forj^is thi^ Pfodsictus TAmesUme hods tirst 
make thedr appearance. They include rnassive. relatively soft, 
yellow-i^rey and ji;reenish sandstones at the base, followed by cal- 
careous sandstones and limestones above. These upper strata in- 
clude numerous fossils — FumTAna^ ProdvcfMS, Rpmfe^^^ &c. The 

1 % 
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series ranges u]) to 100 feet iu thii'kuosa hi this area, but tliickens 
57estwards toTOnls the Kalra Wuhan, w]ief<‘ ii fornus proaiiiient 
cliffs along Ihe apnor acarp blopes. 

Tho NiiiihmUfie heh^ incliuling tiio oodl, sluih!, and pisobLuJ 
clay 2 on'S ai idu base, are of iioi.*e widespr^'ad occnnviu***. 
in parts of the Jogi 'Tilln uikI Ohanibal rklgOf^, or reprebeniod only 
by the pisolitic clay beds, fliese "‘trala niv p>‘oiniii(Mitly ox[)osod 
in the more western areas, where they form elilTs cuppiiig 

the scarp and crop oiif over wide areas ol the plateau to ihe norlh. 
In the Nilawan-Kalra Wahan tract they attain a thiokucss, in 
places, of at least 400 feet. In the more eastern parts of tho range, 
the pisolitic clay and coal and sliale zones are closely assoc'iate<I, 
hut in the Nilawan gorgi^ and the scarp do])Ob further wesi/, a zone- 
of numinulilic shale*^, marls with rniinerous (jorals, eehinuids, Tnt 
bratulae, &c., *iu<l thin limestmies, varying up lo <»0 fe(d/ thie.k, in* 
torvouo. Tho jnsolith? eday zone also varies iu c*liara<*ier in Ihe 
Milawan gorge, whore it includos fossils similar to Ihose of the o\<‘r- 
lyiug marls. Sandstone bands, intercalated witliin (he marls, in- 
clude scales and teeth of fossil lisli. Tho overlying nodular and scun- 
nodiilar Hill Limestones vary ui) to JJOO feet; thick. 

On tho Salt Raiigo plateau l»etwoen Khajurla inul Kliolvhar, 
the Hill Limestones are overlain l)y from 50 Lo 80 feet of lin(» greim 
shales and thin limestone with numerous foraminifera. Those beds 
suggest certain of the Ghharat strata of the Votwar area. 

Siwalik beds overlie the Nnmmulitics to the north. 

Throughout those areas, iu the vicinity of the scari), ovi(lon<*t‘ of 
iujute folding and in some cases of ovorLhrnsting is observed. In 
the Jogi Tilla and Oliambal ridges, the strikii conforms very closely 
with the topography. The geiii*ral dip is iiortli-wesbu-ly, often 
at a steep angle, though iu tho southern <md of the Tilla ar(*a the 
strata swing round viittujally to tlic south-east, with locid ovidisnce 
of shearing. In the case of the Karaugal-Diljaba area, (ho prin- 
cipal toctouu? foatxu’e is a complex overthrust, which runs along (he 
lower western slopes of Karangal and coutinuies as a ynorc Htc(‘]>]y 
inclined tohl-faxilt, among the Siiwaliks, to tho north-western slopes 
of the Diljaba ridge. 

b^nrther west, bcLwoou tho Bartlahi gorge and the Kalra Wahan, 
acute folding and some overtlirusting, following an approxijnate 
east-west direction, and involving the Salt Marl, Purple Sandstojie, 
Cambrian and Speckled Sandstone beds, are jironounced, These 
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structuroB arc coiTiplw^atcd by crosB-anticliuaHolds junmiig approxi- 
mately at riglii angles u]> the gorges tliat iiiiersccL lie range in a 
north-sou til direetiou. The Nilav^aii goige- has been eroded along 
llio axis of oiH* of Iheso sharj) (*ru.slie<l aiitielinals, along 'which 
there has also beeii lo<*al shearing and overiolding. fn llie higher 
parts of tlui scarp, and in the plateau areas lo tlH‘ north, the structure 
is relatively simple. 

During the com*se of field w^ork in early Decenibei 1929, Mr. Gee 
discovered certain fossils within arenaceous and dark red shaly Lands 
intercalated in the steeply dix>ping dull aed g)’[iseuuH marl of the 
Kail Marl sorh's. This gypseous marl undeilies the bright red s«aJt- 
beariiig marl of the tipper paii of the sequence, lliese fossils were 
found in throe sections of the Dandot 39' : 72° C8') and Khcoxa 
(lUiewra) (32° 39' : 73° O') seaip areas and included a number 
of small foraminifera, and minute carbonised plant-fragments. The 
beds in which these lossils were discovered weie regarded l>> Mr. Gee 
as delinitcly in sUu, and fonning a pait oJ the Salt Marl series, and 
this opinion was upheld by Dr, Cotter, who visited the sections 
during February 1931.^ During the present field-season (1930-31), 
Mr. Gee again found plant-fragments in ceitain shaly clay bands 
intercalated in the steeply (lipping gypsum of the Kilaw^an, and in 
the topmost gypsum of the scarp-slopcs north of Dhak coal depot 
(32° 35'; 72° 30'). 

The foraminifera, wliich in many cases ai(3 somewhat worn, 
due (Miller to erosion oj‘ to corrosion by fiercohiting saline solutions, 
were ail very small forms, among which Mr. Gee recognised 
species of Dictyoeonoidts^ SideioHUa and nu'galosjihojio niimnaulitt‘B 
and assilines, resemliling Lowtu* Eocene typ<‘s. The following spe- 
cies were determined by Ool. L. M. Davies, to wliom the specimens 
were shown • 

DiciifocomideH cotdiii. 

„ haefimi* 

„ newboldi, var. 

Siderolitm mi^cella, 

Ntimnmlites of. mamilla. 

The first four of these specimens, which are definitely identi- 
fiable, have so far only been found in beds of Banikot (Lower Eocene) 
age in the extreme north-western parts of India. The discovery 

^Proo.B%gUeeiiJ^lf^ Adtoss), Issued 8th Jul^ (Pnh- 

liahad by As. Soo. Bong., p. 300.) 
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of thodc fosHils iudi(j,»iitjs a. iiauilofc or jMisL-lfatiikut lor tin Walt 
Marl sorica, «m«l appears to aofc at tho lou;i 4 ('oiii.iovrn.y about 
the a«(5 of tlx* Salt JVIarL Wt* .ip|«Mr iiuw tt) know that tlx* u^i of 
this sciu*a is Tertiary and uot Oainbriuu (ww 3ii) 

la respouso to a r(‘()u<s:Jt irojni Dr. b\ K. (J. Uccd, Mi. \\ N 
Mukerjee was iustru(*UHl to make a eaillectum ol lorsils Ikmu the 
Spocklcil yandstuncs of this Salt liau^e, (sheet lli Mi 

Alukerjoe, Jiowevoi*, iu spite of a }>rotiae,ted <,ou]d not (inil 

any new speeioH 3 most of his specimens being exumjsles ol (Johu- 
laria. 


lOf), In the Attock district ol the Punj.ib Dr Cotk*r mapped a 
portion of shoot IdD/J (Potwar ]>labMU area). This tirea jiroved 
to b(‘ entirely covered by Middh* Hivvalik rocks referublo i-o tli<‘ 


Attack dibtricl. 

previous seasons, 
then* had been 


Uhok Path<in stiige, lie also fouiul it luws- 
sary to revise seine of the mapping doiU‘ in 
It became clear, as inappin^» prof'eetled, that 
some e,onfu,don between tlie eonglonieiale that 


lies at ihe b.i.je of tlie Upper iSiwaliks ami tJuit wliieh iS<‘parat<*s 


the Dhok P<i(haii (roin tJie Nagii stag<*. This lonlnsjon, wJii<‘li 


has alleetiMl A 15. Wy nut’s ougiual map,* has also had sojujc in- 


fluence Oil the map iU'eonipaiiying Mr. D. N. Wadia's mejmdr upon 
the coiiutvy 1 k> the easi»* and has led to similar confusion in ihe 


maps of the portion of the Potwar plateau tliab lies iii Altoi*.k dis 
irict, and was mapped iu preot^ding seasons by Dr. (Jotkr and 
Mr. H. M. Ijahiri. It becaiuc evident, as mapping proceeded, that 
ihe (ionglonuTato horiscon that in sheets 4:5(1/11, *115 0/12-, and 415 (1/8, 
and also tlie shecis to tin* w<*st, liml been regaided as tlx* basal bed 
of the ITpptu* yiwaliks, was in ^‘ality the }me.al bed ol Ihe DIioK 
Patlmn stage. Dr. (JottiU* and Air. Lahiii r<*vised <lx*ii mapM 
a(*cor<rnigly. 


A further revision of the area near dand (sheet 4:5 (i/il, and sheel 
:i8 0/15) was made by Dr. (‘oiler and Mr, Ijiihiri. In sheei. ;»8 
0/16, in the preceding season, the mapping of the Kamlial ouleu»p 
liad given rise to some dismission. The map w'as <?orreete<l by 
Dr. (Joitor and Mr. liahiii, and the Kamlial outcrop inore acMiuralely 
trae,ed. In Kho<*t i:5 0/:5, the south* west iKirtloii, wirxdi had b(‘eri 
previously maiiiied by Mr. P. N. Mukerjee, was found lo imikin 
oertom CJTors ; these were corriaded by JMessrs. Lahin and Mukerjee. 
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Mr. [[ M. Ldhiri, in adililiom fo tin alM>V(‘ H‘Visio»i worl , jnnppcd 
])oriionKi <il Ux<* 4U<1 talii>il,s t»J AUikJx clihlrut, 

compiiMij^ i:; Cyi, jmiI id mIhtI ;jy Vl\l\ and lli<* Mfocl: 

portion ot ‘IJJ J>/2, In s.ImtI Io (‘/J, lM‘iad<‘h/ t>l(l and m vv allu- 
viiiui, Mu* ^uol();*i<al torinatioin* jiuol»wiMi w'or<* tfh<* Cliirijj tlie 

Naori aiul theJJJiok Pailian i>ta|.u‘ 

The (JlmijiiS an* expose*!! aH paiiof Ihc wuat;(*rn turininalaon ol the 
Dkulian dome (j-oo A/cm* (HcoL Na/. /a*/., XL, p. JOG) near Aia/i 
Sarwai O'; 72"' II'). Tin* (JhiujiH are ovorlaiii hy about 

5,‘)00 fo(it of ma^vSivo olive and grey aandidouojL. >^ith fculKinlinatc 
rod and grey clayM : tlu*,se belong lo Mu* Magri tiiiige of IIj<‘ Middle 
Siwaliks. KeatM*n*d jH*bbkH ot igneoua roel' and fu.sbil wood, ge 
iu*ra]lv alien'd in [uit lo luuoiiite, an* ot e<»jLnnu»ii ue<namic<*. 

Abovt tin* Nagii? i,^ a sueet'i^bion of white, laown or gn*y syiid- 
look alteinaling with oiaiige t.o brown .sandy elayn. Th^'to beds 
.sirike eastwards into ilie DIioK Pal ban beds cd the tyjx* aiea, and are 
litliulogieally simdar M) llu*ni, as to h*ave no iloubt oi tlieir J)liok 
i*ath<m age. Westwards, however, they pas.’, laterally into an uJ- 
terrnilion ol thiek conglonunatea, white sandstones, and orange 
e.layr., svhu'li <M»v(*r tlie whole of sheet o8 O/IG, and the adjaeeut 
])arts ol sheets JhS O/lb, HM ()/!!, :58 <)/J2 and VI C/G, Tlu* conglo- 
xneratt'S ami their asso<*iattd beds wen* legaided by A. 15. \V3nne, 
"W. Waa.<»eu, ami (i L. Pilgrind a.^ belonging to tlu* Upper Snvahks, 
These h(*ds nui.'^t nc»w be phu*ed in the l)hok l\dhan slagi, notwith- 
standing their e.ongloim*ratio oJiaiaeter. Vvvy lew vertebrate fobbjls 
W(*re e,oih‘el<*tl frojn the ar<»a anapjied , these weie ref<*rah!e to 
Hip par ion and tlu* lUwidav* 

'Hie Soan givisyueJiue* oontinues westwards through the smitheru 
Inilf of sheet 111 0/1 and D/l into slu'ets »‘hS O/IG ami V/T^, Froni 
east tio west in sheet 0/1 the jmiddle portion of the sIuM‘t is o<*(ni- 
ph‘d hy the westwanl <*onlinuation ol the Dluillari dome, while 
in the math ol the alu*et a shallow syneline separates the Ohulian 
flojne from thi* Kharpa antielinal fokl ol nJu*et i\\ Ofll to fch(* north. 

Hlu‘et Pi 0/2, which was mapped hy Mr. 11. M. Lahiri at tin* cJose 
of tiu' season, is t.he westwanl continuation of tlu* counUy shown 

^ in (koL Hu/r. M., Xiilil, II. 20, Dr. lUlixHiu ixIucob iho coji^lomoratutt ot 
MaUia«l ill iJieci OS 0/12 in iiouidcr UougloiuiMato Kono, buL am in roalibv, 
aoconling to Mr. ij»ibiri, el Dliok Pailmu o^u. Him albo Hic. OmL Hur* Ind,, XL, 
p. m2,(inioh 

^800 Mec* QeoK Siir* Uid*, XUIl, H. 2H, lig. 2, (lUt2}, aud Mm* (Jitol* idut* ind«, 

LI, p. 335,(11)28). 



120 


HficoKh of the Geolojioul Hwvey of fntha. [ Vou. ij\ VI. 


ia Plate 158 of Sir E. H. Paacoo’s momoir {Mm. Oeol. Hiir. ImL, 
XL, Pt. 3, (1920). Tliis area, bouudod on tiio aoulli by the Salt 
Raugo, is uouupied by rouks raugiiig Iruiii Ijaki (jlill) liiiied.oiie u> 
Middle Siwalika. The Laid age ol the liuie , ->10110 ia iii(li<‘uU‘ii i.y lili(> 
proaeiioe of NitinMilikii utocious luid Amliini pmjinutikm. Above 
the ILoiosLouo couiea about i,!i00 feet of iiiasaivo olive grevit Mitid- 
stoiic with sabordinato puri)lo to greeu oaucly clays. Tlit'-jc liave 
beou mppud as ILuulial ia Sir E. IL. Pusuue’s ia<i|i of (he eouiitry 
to the cast, but their positioa ia the soiiueuoe, and (heir lil-hological 
appearauce, render it more probable iliat they are tlu‘ atieiiuated 
roproseutativos of the Kanxlial and ^Murree rocks taken Logidlier as 
a siugio unit. Fossil wood and ferruginous coacietioiis are (ionuiion 
iu this jjouo. Above these Ivaiolial-idiuree rocks are the red cltiNs 
and soft subordinate sandstones of the tlhiuji blag<‘, wliieh is here 
about 2,001) feet thick. At tlie base of the 0hiiiji.s a |>Beudo-eon- 
glomerate with Umo was found. The t!liiiijis are niieeeedeil by 
the Eagris, and these in turn by the Dhok J*ath.ui .itage, the lilho- 
logy of which two stages is similar to that seui in sh<>et 13 U/1. 'I'lu* 
Nagris are lu'rc aliout .1,900 feet thick, as coinpiinsl witli tlie tiiiek- 
ness of 3,300 feet near Dhulian. Tin- tUi<*l<iH'Hsen of tJiese beds 
and of the Uhinjis and liajnlial-Murrco group sliows that tlu' wiiolo 
sequence becomes attenuated iu tlio south of the Potwar. The. 
dips over the area mapped in sheet 4.3 U/2 are all northerly, and the 
beds form the southern limb of the great Moan geosyuolinc. 

100. Mr. P. N. Muketjee surveyed geologicullj during I lie liehl 
season the portion of slioet 43 D/i left over l>y Ur. (loiter, .utd 
extended his nup into the adjoining .sheet 38 I’/lo. IlesKles al- 
luvium, the aresi nupped was found to be entirely eo\er<sl In Middle 
Siwalik rocks belonging to the Nagri and DlioK ralJuin stages. 
The lithology of those was exiwtly similar to what, has Ihsmi alieudy 
dosetibod for shoot 43 0/1 ; the rocks form tlie boulli<>rn lijinb of 
the Boan goosyncliuo, the axis of which iieri' treml,-. to (he soid.li 
of west and at the same time opens out, so tJi.il (he dips ovet (Ik! 
area mapped by Mr. Mukorjoo are usually north-westerly. 

107. During the later part of the fiold-aeasou Dr. Cotter went 
to the Hazara district and continued the mapping of the country 

Hazara dtetrict surveyed by Mr. C. S. Midfllemiss, 

whose map was published in Vol. XXVI oi 
the Memoirs of the Geological Survey of Iniia, In the course of 
this work Dr. Cotter mapped portions of sheets 43 B/16, 43 F/2 
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and 4.3 F/3. The geological lornmiuns met with weie granites 
and schists, exactly similar to those described by Mr. Aliddlemiss 
lor the country to the south. Near Ahl (34^ oo : 7l>® O') in sheet 
43 F/ii the gi.iuile hdi^ been altered marginally b} Ihe action ot 
.aulphide vapours so as to be completely uisinlegmed, and on the 
road north of iUil a yellow luciustation containing sulphur is seen 
upon the surface ol the disintegrated gi*anite. 

108. Mr. Wadia took an opportunity of examining the Tanawal 
rocks of the Gandgarh range (34° 7' : 72° 48') on the Indus in western 
Hazara^ before proceeding to Gilgit. This a wcll-siialilied senes 
ol purple, grey and white quartzites (metamoiphosed sandstones) 
with quartz-schists and phyllites, as&ociatt*d with sonic massive 
quaxtzitic beds with peculiarly scored and grooved sui laces. The 
latter strata contain veins, layers and patches ol coarselj' crystallised 
dolomite. Near Mohut, along the strike of these quartzitic beds, 
there appear some hundi’cds of feui ot whao appeals to bo typical 
Infra-Trias linuistono (dolomitic), indistinguishable Irom that ol tlie 
type locality, namely Sirbaii near Abbotabad, as was noticed by 
The whole group cunulitulos a squeezed synclinal resting 
on lincly schistose and phylbiio beds {i altered Attock slates). A much- 
crushed and deformed slatc-^nglomeiate appears close to the junc- 
tion-plane and suggests compat'Lson whh the Tanakki conglomerate; 
similar cougloiatrate bods, howc\ei, also appear in the body ol the 
slate outcrop. lelations oi tins conglome<aT( to thi Attock 

hlalio series ot llaziia, uju! lu iLc Vanawals, ait higld} obscim^, 
a lact thal was obsonod l»> VV}iine and Middlcmiss. 

In clos(‘ jiroximity to this outcrop, but on the opposite, wxst, 
side of the Indus, oiipositc Tarbela (34° 8': 72° 49'), tlierc occurs 
a massive outcrop of the Infra-Trias limestone closely associated 
with a dark green, slaty, doleritic trap. The doleritc is both ‘inter- 
bedded ’ with, and intrusive into, the limestones, and the phenome- 
non recalls the similar association of the Panjal trap and Agglo- 
meratic Blate of Kughan with thick belts of limestone taken to be of 
Infra-Trias age. 

109 . Mr. Wadia took the field in March to resume his mapping 
ol the apical portion of the N. W. Himalayan ^taxial angle, 
Kashmir namely the part that lies beyond the Great 

Himalayan Bange. Before Ihe condition of 


^ Eepoited on. by Wynne in 1879 : See JSsc. QeoL Sure. Ind,, XII, p. 192. 
*£oo.od.,p. 128. 
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tlie paj^es allowed Iiia orossinj^ lliie ranges Mr. \\\wlia worked for 
two luoutliB ill tin* Uundwara diatiiet of K<Uiliinir (SlK‘e‘iir» lli J/Ji, 
J/2, joining up liis provioub ae'ajious" work in Karuali and thi’ 
md-Kiiahcuganua valley traidji wiMi liion’s mapping ol the older 
Pakeozoic se(lim(.*nl4Ary kaani ol N. W. Kashmir. Mid<ll<‘uiirtS and 
Biou mapped tln^ aoutliom poriioJib of tin* lluiidwtua elihlriet anel 
in unpublisLed mapH apply to a large tiaeit ilui terin ‘ unfor.i5ilih*rout> 
slate series.’ Tliis serk's mKlerlios tlieii* Upixu* Kilunau limeMtones 
and slate and forms the broad belt of uu)untai2is l>etwet‘ii llund- 
wara and the Kisliengauga. Mr. Wadia is now able to piove defi- 
nitely that this series is of either Cambrian t>r Oambro-iSiluriaii age. 
This groaj) consists of slab^s with thick iiitc'rbedded lim<'stones 
containing, at two or tlnee hwalities, a tajiiy preserved famiti of 
Agnmias, /rror/^sr^f^^ (Umoconfithe, and s<»veral OUmiA trilohites, 
together witJi Lm^aldla^ OMns^ and a bracluoptnl that juay prove 
to be Discinolvpib. The la<*k of fossils in tlie lower portion of llus 
thick systejn of di'posits (aggrep.ating sevi^ral tliousand feet), genei al- 
ly consisting ol blue ui green clays and dark sjiiidy slatoi, may l>e 
due to a wide-sjnvad obJiU*ratioii of tin contained fossils ol which 
relics are still <Ietectable, leaving imatTecied only the indestruetibio 
Anmibd tra<*ks and pip(‘s on the hanl <piarlzosc s^uidshmes, A 
well-defined and manifestly conformable passage duwnwanls Irom 
strata containing Hiluriau OrUm and iiifo^ioniiC^dds^ tlirough fhese 
beds of probable Cambrian age, into the Dogra slat<‘. below, is sc'on 
in many Bt^clions to tin* north of the Kislienganga divide. The 
Siluiians oc(*upy a eontral tdlipsoklal trough stretcJiing from tln^ 
head of the Tangdhai 211' ; 73*“’ 52') valley tK> near Drngmal 
(S^r 2U' : 74" 18'), It is warpt'il by shallow lolds aiul bise<*te<l by 
the liroad alluvimu-liiliHl valley of the Pohru livin'. Mr, Wsulia 
made a tiav<TSi‘ neross flic northern limb of t»his Silurian basin 
from Tridigani (3d‘‘ 31': 7d* 10'), through the Pluirkian pass (3d 
37' : 74" 6') to the Purana and crysbillinc roclvs of the Central 
Himakyiui axis. This see.tiou deseeiids tlirough Ui(‘ obscurely fos* 
siliferous Ouinbriuns to tlie Dogra slab' anil tlnmee to thti gra|>Intic 
md other crystalline scliisis bidoiiging to the Kalkliala series, wiiicli 
is develiiipod in grea4. forct‘ in the <hH‘p canoii-like s<ioti<)n of the 
KiMienganga, in its coum^ from ilalmafc (34" 45': 74" 40') on 
the east to l>oanaii (34" 41': 74" 1') on tho west. It is a notable 
fact that this synclinal depression has lui K.-W. striki', whereas 
the normal Himalayan strike is !N. W.— The plane of contaot 
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of the Salthaias with the markedly \em metamorphotjed Dogra 
slate is a thrubt-lault. North ol the Kishcujjauga the Salkhala 
series giadually b<Toiiieb moie crysialbue, ultimately merging, ac- 
cording to Mr. Wadia, into the complex of granitoid gneibs that 
bnilds the erestal puition ul the central lange — ^thc Great Hima- 
layan Range ul Biurard. 

In the eastern paii of the Bhamsli Abari syncline (13 J/3) the 
Silurians arc for the mobt putt directly overlain unconformably by 
the Agglonieiatic Slate and Panjal trap, the outcrops of the inter- 
vening Muth quartzite (Dovoniau) being here restricted to a few 
small dibcontinuous patches that have escaped the wide-spread 
overlap ol the Carbonilerous volcanic series. East of the Bangas 
glacial plains (31“ 23'; 74'' 3') the syTieliiie widens consideiably, 
due to a skong eastoily pitch. The patch of Triassic limestone 
capping the traps on the Khuuni Rawal peak, 13,845 feet fsheet 
43 F/15 — ^34^ 15' ; 73' 57') described in a iirovious report^, is evidently 
a small outher coudined only to the western portion ol the syncline. 

In July Ml. Wudia pio('e«Mlod to Gilgit and thence to Chilas 
(sheet 43 I), via Guruis (34“ 37' : 74' 51') and the Dorikum or Burzil 
}>abs (34 54' : 75' G'). This took him across the Central Hima- 
layan jixib and the rnther ill-dt^fined Ladakh range of this part. 
The oidy available maps ol tliis region arc the old |.-iuch sheets. 
Noith ol the cenliul range the country, physiographically as well 

<*tlmogM]dii<all\ , iKlonjjs to the Ocutral Asian ilesert l>eit rather 
than to India. Stiatigraphical interests (Lange also as one leaves 
bclund the Tiiastuc b(4t ol Gurais, the Nununuhtics referred to 
latei, and tbi^ ranjal volcanic belt of Paahwaii (34^ 45' : 76° T) 
picc^BHcd against the bouthem hunk of the Burzil pass. To the norfh 
of iJie pass ior about iW miles the rooks are biotite-gneisBes and 
bchisib with some iiiterbedded bands of maribio and calcaphyre, 
taivejhod l>y later inti’usions of acsid (homblewde-granite) and basic 
(doJi^uti') (*om}»ositao«i. It is a inonotunous expuase of mountam 
rock “desert, d(‘Void ol soil or vegetation, aaid xjovered under a thick 
mantle ol its own m^rec d(‘bris. The only variations isom the mono- 
tuny ol the prevailing gneissk* eomjicx are provided by large and 
small ureuH, in iutiiuatc association with the gneiss, ol graphitie 
sciuste and slates with interbedded coai’sely oiyBbaHised maiiste. 
Mr. Wadia boiieves the gneiss to be in the main a paca-gneiss, pno- 
dacod by tiuro djuamic metaiiK>rph^ of the SaMrhsila mioB. brto 

1 Hie. (Jvol* lAXl, p. 131, (1930). 
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fTiin gneiss is intruded the ‘Central Himalayan gneiss’. The whole 
gnftiaain complex, wMch must be regarded as a composite gneiss, has 
been subsequently invaded on a large scale by babliyUtba, stocks 
and sUls o£ a gabbroidal jn.igm.i, tbc tirodncts of which have sinoo 
been converted into ampliibolito ami epidiorito. l'h(>rfc basic rocks 
give rise to long chains o£ mtninlaius of bare, black, forbidding rook 
in Qilgit, Chilas and Skardo. 

The Nanga Parbat massif (20,620£<i.) rises as a solitary eminence 
from the gneissic terrain, presenting on the south £aoo naked rook- 
cliffs 12,000 to 16,000 loot high ; to the north the aspect is taiu»s 
though there is a descent almost in ono stride of 22,600 feet in 11 
miles to the Indus hed opposite Thalichi (36“ 36' : 74® 40'). Kroin 
held work around the hanks of this massif up to an altitude of about 
16,000 feet, inolnding an cxamuuition of the wide-spread moniincs 
carrying debris from the higher parts, Mr. Wadia considers the 
geology of Nanga Parbat to he, broadly speaking, of groat simpU- 
oity, for the mountain is composed almost entirely of finely schistose, 
streaky biotitc-gneiss with interboddod calc-schists and mivrblc. 
The whole assemblage is well stratified, with a clear though sinuous 
north-easterly foliation strike and a persistent dip to the north-west 
the apparent bedding of the gneiss, however, conceals an extreme 
amoimt of imbricated folding, shearing and thcost-laulting. The 
stocks and dykes of massive amphibolite and hornblende-schist, 
as wdl as of a white tourmaline-beaxii!^ granite, have also assumed 
stratiform shapes. In the Tarshii^ valley and further south-east, 
near Ratbu (36° 8' ; 74® 48'), the gneiss of Nanga Parbat gradually 
gives place to less metamorphosed Ralkhalas, which stretch to the 
south as for as the Kishenganga. It must l>e plea.sant to possess 
the philosophical temperament that enables one to regard this 
complexity as simple. 

The tectonics of the region traversed to the north of the Great 
Himalayan Range are rolat^ to those of the syniaxial bond of the 
N. W. Himalaya, already studied in Ifozara and ICogluin. Tho 
strike from Babusar (36® 9' : 74® 2') to Gilgit (36° 68' : 74° 16') 
is persisteintiy N. E. to N. N. E. in direct continuation of the mnin 
re^onal strike of Hazara and Kaghan, while east of the Indus at 
Bunji (35° 22' ; 74° 60') the strike is, on the whole, N.-S., through 
Astor (36° 22': 74° 60'). In the r^on from Astor northwards, 
the oompresdon has been so great that the rocks on the two sides 
of the ^taxdal bend have been forced into parallelism and tho 
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Imee-bcnd has been obliterated. But in the region just south- 
east of Nanga Paibat and Astor the eastern limb of the great syn- 
taxial knee-hend of the mountains reveals itself clearly. 

Twelve miles south-east of the Burzil pass Mr. Wadia discovered a 
very interesting occurrence of a small, much dissected trough of 
Eocene limestones, steeply faulted against the north-east end of 
the Tiiassic limestone cliffs of Guraie. The limestone is obscurely 
fossiliferous ; but the lithology strongly resembles that of the dark 
grey, bituminous, foraminifeial limestones of Hazara and of the 
Attook Nummulitics. It is probably a westerly outlier of the Dras 
Nummulitics in Ladakh (34° 26' : 76° 60') brought to notice by 
Mr. Middlemiss in 1921. The limestone caps metamorphosed Sal- 
kliala schists, in the plications of which it is involved in small 
trough-folded, band-like, outliers. 

110. During a period of Bonus numllis from the middle of 
March 1931, Mr. Auden continued his survey of the Krol belt 

between the Ganibhnr and Tons rivers, work- 
The Simla liHla. . . , . ,-o m/j eo m/i r /. i„ 

mg m sheets 53 E/4, 53 E/1, 5, G, 10. 

Mr. Auden states that the most striking feature along this belt 
is the increase in metamorphism towarils the soutii-east and east. 
The Blaini boulder bed becomes altered to a phyllite in which it is 
dilBcult to distinguish pebbles from matrix. The Infra-Erol ^ales 
pass to slates and then to pearly phyllites very similar to those 
found in the Chails. The Kiol A hmeslones turn to calcareous 
slates and these bo pucl.c^ed sh^tes. The shales in the supposed 
Tal beds turn locally to puckcnMl ph} Hites with reconstructed mica 
piirallel to tlio cleavage planes and jotated clastic quartz grains. 
ITiiially, Subathu shales may be indisl inguioh.iblo from Blaini slates. 
There is no doubt about the correlation of the beds concerned, 
owing to the presence of such cliaractoristic facies as the Blaini and 
the Krol B red shales. It is rmquestiouably true that the Chaff 
and Jutogh rocks which lie to the north-east of the Krol belt are 
of a higher general grade of metamorjdiism than those rocks actual- 
ly fmmd in the Krol belt. Ee\ertheless, the frequent and puzzling 
convergence in lithological type and metamor];ddc grade of the rocks 
along the Krol belt with those of the Chails and Jutoghs must not 
he ignored. Mr. Auden remarks that it is impossible to regard 
metamorphic appearance as necessarily a function of age, and 
states that the order of succession can only he settled finally on a 
stxatagraphical bads. 
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The pievah‘iico oi nnmvoiietl seijiionci^s Ls ^liown Ihe noniinl 
(liRpoailion ot (Mmeni hc<l(lin» 4 , wilh llie lalso »ui\fs f.K'in^ 

ronenvely iipw^iKlH. ll» luut Itoon *>l>jeHe<l (hat 'iihv, iti labor.itcuy 
exp 4 *niiuMjfH, there are ev<*e()(i4»iiK lc> (his rule, it is iniHilr* (<> thaw 
etriH lusioriR (roin (he thspositiou <>1 (lit* lalst* Irethhte* Muriates. Mi, 
Aiitlen i»(a(eh (hat iu ai'tsas wliere Hiei<‘ m ut» tjiiesiitm ol iiivtMMiun 
nueli as the Vintihyaii Hhi<‘l<h he ha^ !u*\t*r oh<*t‘ st‘<*ri an e\e<‘[>tiun 
Kv<‘ia if e,x(*(‘ptiouM th> o<*eur, thej must lie s(» nilr(M|ueut «ia uui. U\ 
itwalitlale eouelusiotus drawn iiom * 1 . aeri<‘M td uhserv^iiitaia. In 
the Simla-Chakial.a hills nlMervationa <»1 (‘urrent hethlmi* haee 
pruvtvl th<‘ followiiij* sut*t*eMMi<ms (o he uninverttMl . - 

(1) Mhnla Mla(»<‘H in the (iamhhai rivt^r, 

(2) rTaiinsiu'M on (»li<» wentein eliffn abuvt^ the Tuns rivt^r. 

(»S) Su[>f>os(‘(l Tats in tht' ayindinal hasin t>nuth of Ounui ]KMk. 

Tlie uppta* division ol (Jie su|»|MM<‘d T.ds, whieh showa Mtimt* 
roRonihlanre to tht‘ JaunMars, cannot (lu^roltav he an invtaied sue- 
ecfision of JaiirwarM in (Jie inhhlh* limh ol a rt*eunilM‘nt h»ld. Neij.hei 
can I ho iintierlyiim «fauiiMarM ol Ohantlpiir he inv(a‘(t‘d Tais. 

The alt<Tnativ<‘ <‘*V]>lanation, that uninvtM*(<‘d Infra-Krols and 
JuuiiMai*fl Jiave betni thrust ovrer Ku»1h, is diH<*n‘di(<Ml h> tilt* <*om- 
pletc failure ol the Hlaini ImmIb wheie 1ht*v should Im* <‘xp4‘ei,<*<l, sinee 
it would bo impossible {or fnfra-Kvols io be pnsh<‘d over Kiol lime- 
stones, and for Jaunsars to be pimheti over both Infm-Krols and 
Krol limcstoiios, without some IMaini Inmig iiuiorporated. More- 
over, the two divisionB of the siippoRed Tals, which by hyptitliesis 
mi6;bt bo Infra-Krols and Jaunsars, ^ratle ijjratiuallv into <‘aeh oilier, 
without ilisturbatuio, and never show a tr.iee of tin* Blaini 
boulder bed nor limestoiu*. 

It IS nocessaiy, therefoii‘, until evi<h*ne<* (o the eoidraiy 
obtained, h> sup|K>se (bat the HiiecessKai is a nonnal stMlinitMitaiy 
on<s followinfs; afior tlu^ Krol limeshmes. Krosion must hav4‘ taken 
place boforo the deposition ol these' snfijiosed T.d Iieds, to allow 
for thoir juxtaposition to Infra-Krols at, tlu' western «Mhre ol tlM‘ 
basin. 

The existence of two conspicuous arcna<*(*ous series sucli as tlu' 
Jaunsars and the Tals, ami the recurrence of carbonaceous IxxLs 
throughout all the scries in iho district, nr<* strilcini*, TIu' i‘ecurr<»n(*e, 
also, of current-beilded and ripple-marki'd facies, testifies to the 
fact that during and since Bimla slate times, the area in (piostioja 
has never been covered by deep water. 
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Mr, Aiiflen wtatefl that ih<* Jaiinsar ooiiulomtaafcn anrl Blaini 
l>unW<T be(L «iro oftiMi (riisliod mid sliean^d, ho Hint <1i<» poliblos aro 
elonwalod mio ollijiHoida v\ifh ina]or .i<es paialh^l to mi K. N E. — 
W H. W. dii*<H5tiou. Siiriilarljs iho Jauunar pkyUibNS \\\ tho eani 
ot nmi are Rt>m*‘t.ini(-H t1iio\v?t np in the same diruetion into Hiriall 
folds tlu‘ *size of lari»e ripples. fl<‘ euimnents <m tho similarity of 
th<‘se direciioiiH to lliat of the Aiavalli iani*e and suogeats a period 
ol local oToc<enie activity a]oii« lliis line at nlxml the end of Oarboni- 
foioiis times. Siieli (iiie<*tions tiio not seen in the Krol and over- 
lying series. 

The Krol jjandstone a])pears to b<5 entirely missing east of 
Badalni, and Krol A limestone folloTVS dire(*t}y on Tnfra-Krols, 
tlic passjige troiii one to the otJier being seen by the loss ot carbo- 
naceous shales or slates and tln^ entry ol impure limestones The 
Krol D (chert-Jim(‘slH3n(‘ mid shale) i^ciion, which was m oliaracter- 
isHc near Rainbar on account of the irregular folding of limestone 
bauds in excess of shale, bec*oines less shnly eastwards. The 
result is that the three se(*tions 0, D ami R begin to lose the inrli- 
vidiiality they posfu^j^d to tlie north-west. Further, folding is so 
tight and involved that it becomes impossible in the east to map 
these loss individualised sections separately. In slieet C3 F/10, 
Ki‘ol 0, D and E liave been mapped as a hdngle upper Krol limestone 
division It is proposed to unite the Iiifra-Krol, Krol sandstone 
and Kiol limestoiK* divisions into one seiics called the Kwl s*er?Vs. 


111. nuriug the sov(*n weeks availabh* for work in the JHiinalaya 
during tho hot^ sc»ason of Mr. West commenced the mapping 

of the Cliakrata district, United Provinces, 
a ra a s r t . northern part of the district being selected 

by reason of the close resemblance of it** rocks to those of the 
Simla hills further west, which be had recently mapped. 

In 1882 Mr. If. D. Oldham made a map of this district on the 
scale of on(‘ inch to one niihs and pnblish(‘d a short paper thereon, ^ 
As a result of the work <lont‘ in tho hills this season, Mr, West has, 


however, had to introiliice a good many changes. 

The eliief feature of the northern part of the district is the fine 


development of the Cliail series. In this series an extra stage 
appears at tho top, which is not seen in the Simla hills further west. 
The Chail series has thus to be divided into three stages, a lower 
stage of dark grey, schistose slates containing a bed of dark blue 


1 Sec. QeoL ihiav. Ittd., XVI, p. 193, (1883). 
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limefltone, which is usually bando-l ami contorlicd, a middle stage 

consisting of pmo quartzites and quartz-schists, and an upper 

stage of schistose grits, tho grade of mol a morphism of which has 
sometimes reached tho bioiite stage. 

Structurally tho moat striking feature is Iho, vay tins Ohail 

series, with a low uoiirherly dip, overlies various /'ochs tli.it usually 
display a high dip and are often considerably folded. Tins feature 
was noticed by Mr. Oldham, who coiioludcd tliat tho Clhail rocks, 
which he spoke of as Bawars, in spite of their higher grade of 
metamorphism, were younger th.'in the rocks below thorn, which 
they overlay unconfornaably. This junction, which ho took to be 
an unconfonnity, is really the Qiail thrust, by which the Cliail 

series h.ave been brougbt to lie upon younger ro<d<s, thus explain- 
ing tlie )ij»|>areiii anomaly of Ihc grcaler inelamorpbisin of the uppiT 
rcH-ks. 

A good d(«.d of Ihe Ijowi-r (Hiails, wliieh eoiitain liint'staiie, 
Oldham look to be Deoban ; while elscwlu're h<“ has luappetl the. 
Oliail litneistoiK* willi his (ihakrala series. Ills ISawar series were 
what would now be calleil tho Aliddlo and Upper ('hails. 

Th<‘ oulcrop o| the ('hail S(‘ries is not iwc'cy where a straight- 
forward suecession. At I’lumynr (:}()’ : 77 ' .hi') (lie Lower ('haih, 
with tho Ohail limestone, are seen r»‘sLing on (he Deoban limestonti, 
from which they are separated by the Olxail thrust. They arc 
overlain by the lower part of the Middle Ohails, which form the 
peak known os Thik. But tho upper part of the Middle 
is not seen, nor are the Upper Ohails. Instead the Lower Chails 
witli tho CLail limestone, reappear, resting on tho Middle Chails. 
The section from now onwards is a normal one, (ho Lower Ohails 
being succeeded above by tho full develcpmout of tho Middle Chails, 
and the lalter by the Upper Ohails. Thuiiighout there is a gentle 
north-easterly dip. It is clear that part of tins Oliail series is rojieat- 
cd by an overllirust. Tin* line of this oveiihrust is iiiest ehsirly 
seen a mile- and a half nnifch-wcst of I’lirtar (.‘50" 55': 77" .5,5J'), 
where, by Kolyar, tho JjowcrOlmils wilh the Ohail limestone near the 
base, ate clearly seen resting on the white quartz-schists of th(' 
Middle Chails. 

Below the main Ohail ovorthrust there come either the Mon- 
dhali beds or tho Deoban limestone. Detailed examination of these 
two formations leads to tho conclusion that tho Mandhali beds 
are but the upper part of the Deoban series. Tire Mandha)! beds, 
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as ooncludod by Oldbam, are essentially sballow water deposits ; 
and, as there is a gradual transition from the Dooban below up 
into the beds, they evidently represent tlie deposits 

formed during the shallowing of the Deoban sea. The highest 
Mamlhaii beds include a limestone and a rather sheared boidder 
bed very similar to the Blaini beds; and it seems likely that the 
upper Mandhalis are the equivalent of the Blaini beds in the Simla 
hills. If this correlation be correct, the Deoban limestone must 
be '^approximately of Carboniferous age, and cannot be the same 
as the Krol limestone, which is regarded as Upper Carboniferous 
to Permian in oge, corresponding to the Infra-Trias of Hazara. 

As mentioned above, the dip of the roolrs below the Ghail thrust 
is everywhere much greater than the dip of the Ohah series above 
the thrust, though the strike and direction of dip are usuaEy much 
the same in both. The general dip being to the N. IT. E., in this 
direction higher and higher beds come in below the Chail thrust. 
Consequently it is in those valleys which have a N. E. — S. W. direct 
tion that the highest Mandhali beds are found, while on the spurs 
in between the Mandhali beds are either very thin or missing, in 
which case the Chail series rest directly on the Deoban limestone. 
These relationships are well seen in the upper part of the valley 
of the Dhara Gad (30° 61J' : 77° 65') by Hartar and Patoiiri, and 
also in the Tons valley by Tiuni (30° 57' : 74° 51'). 

Below the Deoban limestone comes the Jaunsar series, which, 
as re-defined by Pilgrim and West, is the equivalent of the middle 
and upper part of Oldham’s Jaunsar system, or * Chakrata series * 
as he originally oaUed them when mapping this district. They 
have been mapped this season in two localities, in tho Beshair Gad 
(30° 47i' : 77° 68'), and in the Gutu Gad (30° 48' : 77° 64'). In 
^686 two valleys tho Deoban limestone occurs both above and below 
the Jaunsar rooks. Although these two outcrops are on the same 
strike, they both end as they approach tho higher ground which 
separates them. It seems probable that tho Jaunsar beds have 
been brought up l>y a flat overturned anticline from below the 
Deoban. That they do not reach the high ground by Kl x ar ambe 
peak and Bathawa Tibba is due to the antuEine closing upwards. 
In addition to the usual massive and sometimes false-bedded quart- 
zites with slates, which axe typical of the Jaunsar senes in ^ 
Simla hills, there occur as well a few greenstones and chlorite- 
schists. 
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Tho Juloftli BCTios is not. rc*])Tos{'n.i('cl in ihe ChaTcrnta district, 
nor arc tliorc any acid iiitnisivo locTv.^ cojn])ara])]o witli tlio Chor 
granite and iir asMociatod poi>ni€ititc dylccs. 

112. T)nTin<{ t.lu' field sc.iaon I0;50-;>1 the Uii.i]nitana. Pariiy 
consisl('d of Ifr. A. M. Heron (in charge), Mr. A. L. C'oulson, T)r. 

r. K. (fhoah, ami HiiL-assistant J>. 0. 

Gupta,. 

This season saw tho conclusion of tho geological survey ol tho 
crystalline area of Bajputana, wliich had boon eoimnenced by Dr. 
A. M. Heron in 1908. Tho only portions of Bajputana still await- 
ing survey are in the arid tracts of Marwar, Bikaner and Jaisalmer, 
of which adequate topogi’aphical maps are not available. 

113. Dr. A. M. Heron worked on tlio half inch to one mile sheets 
160, 16J, 162, 191, 192, 193, and 194, and on standard sheets, one 

inch to one mile, 117, 118, 119, 137, 138, 139, 
Jodhpur and Bikaner i 4 q^ 543 , 143, 163, 164, 165, 166, 167, 

168, 195, 196, 197, 226 and 227, all of which 
ato now completely surveyed. Politically this is comprised within 
Marwar (Jodhpur State), with a small adjoining portion of Bikaner 
State. 


At tho commencement of the season Dr. Heron oxanoined the 
country to tho north and west of tho Sambhar Lake, where ridges 
of the Alwar quartzitos mark the dying-out of ihe Delhi syncli- 
noxium as it disappears under the sandy alluvium. The base of 
the Delhi system is seen in the dhort ridge three miles cast of Marot 
(27®6' : 76®7') mentiomd by Hacket, ^ where grits with pebbles of 
fehpar, pegmatite, quartz and quartzite, rest upon biotite-schists 
out in aU directions by reddish pink pegmatite. Tho foliation of 
the schists happens to bo nearly parallel with the stratification of 
the grits, hut there is no douht about the realiiy of the unconformity, 
as part of tho material of the grits is derived from tho pegmatite 
veins in the sohists. 

There are five sets of quartzite ridges, of which tho moat easter- 
ly are composed chiefly of arkose and conglomerate, and the other 
three of vitreous coarsely crystalline quartzite. 

The average strike is N. N. B. — S. S. W., veering locally to 
N.- S. or N. E.— -S. W. ; dips are generally to W. N.W. at angles of 
60® to vertical. 


» JSeo. ffrol. Bun. ItO., XJV, pp. 297-8, (1881). 
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At the bases of the quartzite ridges traces of the upward succeed- 
ing formations are sometimes seen — ^mica-schists, impure limestones, 
calc-gneisses and opidioritcs, intruded by tommaline-pegmatite and 
dolerite ; they may be correlated with the Ajabgarh series. 

The next portion o[ the season was spent in visiting isolated 
and widely scattered outcrops of Aravalli slates and quartzite^, 
of the Malani rhyolites and the associated (Idar, Jalor or Siwana) 
granites, and of the rod, pebbly sandstones and oherty limestones, 
which have been correlated with the Upper Vindhyans of Central 
India. 

The Aravalli exposures to the north-west of the range consist 
chiefly of sheared and shattered slates with thin, impure quartzites 
interbedded. The most northerly of these is a group of ruggedly 
peaked hills of quartzite south-west of Gopalpura (27® 46' : 74® L6'), 
just inside the southern frontier of Bikaner, Both in strike and in 
dip they are very disturbed, but show no sign of igneous intrusion. 
Over a distance of about live miles they emerge at intervals from 
the alluvium, with an isolated outcrop seven miles to the south. 

The next Aravallis to the south lie to the north-west and south- 
west of the salt lake of Didwana (27® 23' : 74® 36'). They are 
vertical or show a high w^osterly dip, and have a N. N. E,-S. S. W. 
strike. Slates predominate, but a few quartzites and small veins 
of white quartz also occur. 

Near Khatu (27® 7' : 74° 21') slates ^ underlie the Vindhyans 
and a ridge of quartzite stands out upon the plain to the east of the 
Vindhyan scarps. 

Ib:om Degana town (26® 60' : 74° 23') an interrupted ridge of 
argillaceous quartzites and phyllitcs runs southwards for over ei^t 
miles. The former are indistinctly bedded and irregularly jointed, 
and much twisted in dip and strike. At Bagar (26® 42' : 74® 16'), 
six miles to the west of this ridge, is a large quarry in brown chert- 
veined serpentine or serpentinous limestone, used locally for build* 
ing-stone and for lime-burning. A mile to the west of this is a 
small outcrop of white quartzite blotched with purple iron-stain- 
ing, and a similar but larger exposure appears on the same strike, 
six miles to the north-east. 

Phyllites are associated with the wolfram-bearing granite^ of 
Eewat, (26° 64' : 74® 19') nemr Degana "Railway Junction, which 

1 Bee. Ged. Surv. Jnd., LZV, ^ 4, p. 472, (1932). 

*J2ec. Gedl. Burv. Ind., XLW, p. 2^ (1914); XLTSJ, pp. 26-7, (1916); LXVI, 
p.S2,(l932). 
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intrades them, and also occur at several localities near the gneissio 
area o£ ITaraot. 

The gneiss of IfarHOi (2(5° 41': 74° 31') forms a sUghtly raised 
tract eight miles long and throe miles wide, with a possible exten- 
sion for another six or seven inil<*s io tlu* south-west, imdor alln- 
viura. At the south-vest end the gneiss is finc-grauiod and very 
indistinctly foliated, with numerous veins and dykes of tonmuiline- 
pegnnititc ; these do not extend as far east as the highest point of 
the oxitcrop. Passing to the north-east, towards ILarsor, the gneiss 
beenmoB roarser, and shows foliation more clearlr. To the north- 
east of TTarsor, there are many veins of reddish pinlc aplite. Tlie 
separate outcrop of gneiss at Mori, four mih>s south of Ilarsor, is 
still coarser and is more distinclly a gneissio granite, and not unlike 
the Eiinpurn granite. Tt is imi>os&iblo to say definitely whether 
this Harsor and Mori gneiss is pre-Aravalli, or is an intrusive in 
the Aravallis; it might be, for instance, a ease of the post-DeDii 
Erinpura granile. 

Kio northernmost exposure of the Malani volcanic rocks is 
hill 1301, i,wo miles west of Birumsar village (28° 2' ; 74° 48') in 
Bikaner, close to the frontier with Jaipur State, This lull is com- 
posed of rhyolite tuffs, converi.ed into rough grey slates, greatly 

cmehed, and breaking into lenticular plates throng shearing. They 
ate vertical, and strike N. N. W.— S. S. E. Hero and there are 
bunches of quarts stringers, with harder silicified patches in the 
tuffs around them. (See ‘ Oo]ipet ’, p, 43.) 

The hill 1436 north of Eandisar (27° 63' : 74° 32') in Bikaner, 
consists of black and pinkirii brown massive rhyolites, in flows up 
to 60 feet in thickness. The general dip of the flows is 60° to 70° 

to cost and north-oast. At the south end of the hill colunmur 

jointing is well developed, in columns two and three foot in dia- 
meter. The rocks are little weathered and almost ghujsy, phono- 

orysts of felspar being soon only on inspection of the freshly broken 
surfaces with a lens. 

Fourteen mileB to the S. S. B. is tho group of rhyolite hills west 
of Lodsar (27° 42' ; 74“ 37') and Taonra (27° 38' : 74° 37') just 
within the Jodhpur frontter with Bikaner. The rhyolites ate vary- 
ing Shades of reddish brown to black, with abundant Htnall pheno- 
crysts of pink felspar. At the western base of the most northerly 
hill ate exposed pink imlaminated tuffs, blotched brown with iron, 
WOd near tho crest of the same hill is a greenish tuff of coarser toz- 
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tore. At the nortli end of the middle hill (1,299) non-poiphyritio 
rhyolites occur, but generally they are poi’phyritic. 

Except for the tuffs, all the rocks have a distinct stratification, 
probably due to florw-structure, vortical or clipping eastwards at 
70* or more; this causes thorn to weather like slates, in contrast 
to the thick massive flows of Ranilisar hill. 

About three miles east of these hills is a small ‘ tor ’ of rounded 
masses of fine-grained, non-porphyritic and unfoliated granite. This 
is probably the Idar granite of Middlemiss^ and the Jalor and 
Siwana granites of La Touche,® associated with the Malani rhyolites. 

The similar, but larger ‘tor’ 1238, three miles oast of Ehuri 
(27° 60' : 74° 47'), is probably the same rock. 

The remainder of the AravaUi and granite osposurcs visited 
mo in closer association with the Vindhyan sandstones cast of 
Jodhpur City and are described in T)r. Heron’s paper, ‘ 1 ho Vindhyans 
of Western llajputana ’, published in the Records of the Gedogiced 
Survey of India, Volume LXV, part 4, 

The last half of Dr. Heron’s season was spent on the north- 
western side of the great synclinorium of the Delhi system, where 
intrusion by the Erinpura granite and its derivatives reaches its 
maximum intensity, with consequent (bflSicully in recognising the 
different fomaations. 

As is the case on the other, south-eastern side of the syjicline 
a pre-Aiavalli gneiss is present, extending along the edg(‘ of the 
synclinoiium, though on this side we are inulfle to see its relations 
to the Aravallis. The Aravallis themselves are very little seen, 
and do not occur in the neighbourhood of the Delhi synclme, but 
only some ten miles or more away from it. 

la field-season ® 1922-28 the bawnnent oonji^omorato of the 

Dolhis was seen to rest imconformably upon the gneiss in the vicioiiy 
of Bar (26° 5' : 74° 9'), but in this year’s area igneous intrusion 
renders it impossible to decipher this. 

The Baialo series is probably represented by the celebrated 
marble of Makrana, and along the sumo strike, by the marbles examin- 
ed in the field-season 1922-23.^ 

In the south-west, at Sarangwa (26° 17' : 73° 33') is a mass of 
very similar marble, completely surrounded by Eriupuia granite^ 

* Mem. Oed. 8wv. I»d,, SUV, pi. 1, pp. H7-12A (1923). 

* Op. eit., XIXV, pi. 1, pp. 24-26, (1911). 

*JSee. Choi. Ini., JM. p. K, (1924). 

p. 62. 
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which may rcpresont an outlier of tho earao formation, originally 
resting upon the gneiss and now ougnlfed in tins intrusive granite. 

The Dolhis are found to have hero the same threefold (livision 
into ‘ biotito-schists \ ‘ calo-sohists and ‘ oaJo gneiss and oal- 

ciphyres,’ usuig tho field terms hitherto a})plied. 

Tho Alwar series has apparently died out, and all tlu so three divi- 
sions may ho included in tho Ajabgarh sorios. 

The formations are affected by intrusion in their order of super- 
position. Along any given transverse section across tho syncU- 
norium, the ‘biotito-schists’ will be found to bn mote intruded 
than tho ‘ calc-schists, ’ and they again more than tho ‘ calc- 
gnoisses ’. This is in largo moabiuo duo to their lithological 
composition, for the more biotitic, or tho moro schistose, a rock 
is, tho moro easily is it penetrated by granite or pegmatite, and, 
on the other hand, tho more i)uroly calcaroous rooks are tho 
more resistant. Also, along the synolinoriura, tho amount of 

intrusion increases as tho great Erinpura - -Abu batholith of granite is 
approached. Thus as one pusses along the north-west ilaiik of tho 
synelinoriura towards tho south-west, i.e., in tho diicctiou of tho 
great 1 atholith, the ‘ biobitc-scliists ’ at tho base are the first to 
disappear in a welter of intrusives, followed further on by (ho ‘ calo- 
sohists while the ‘ oalc-gueisses ’ retain thoir individuality to tho 
furthest point to which they have been foEowed. 

As weE as intrusions of granite, npEte and pogmabito, tho 
‘ biotito-schists ’ and the ‘ calc-schists ’ carry largo quantities 

of opidiorito aud homblondo-schist, which may roirresont either basic 
lavas, or intmsivo sEls earlier in ago than tho Erinpura granite. 

Tho general foliation an<l stratification (li])s of all fomalions ukj 
isoclinal, usually high, in an B. S. E. or H. B. dircotioii, or vorti<!al. 

At tho tonnination of the sosrson JL)r. Heron couuootod up hio 

own work, and thjit of Mr. Audon (in tho last ftold-soason) and Dr. 

P. K. Ghosh, in Mowar and Marwar, with that of Mr. A. Ij. Ooulsou 
in Birohi. 

116. Dr. P. K. Ghosh worked in Marwar (Jodhpur Btato) during 
most of the field-season, on standard sheets 0. 1, and Kaj. 110 
117, and 118, and at tho end of March proceeded to north Mewar 
(Udaipur State) to work on 200 and 201. AE these sheets are now 
completely surveyed. 

During January and February ho accompanied tho survey party 
tA the Bombay — ^d Oonnedaon BaEway across tho Bann of K'ftn'hh 
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The former area was in westward continuation of Dr. Heron’s 
work, and comprises the same sedimentary rocks of the Delhi 
system, with the basic igneous rocks (epidioritos), but Erinpura 
granite occupies by far the largest part of it. 

116. In north Mowar the rocks are inedominaixtly mica-schists 
and gneisses belonging to the Aravalli system, with intrusive epi- 
UdaJpuf State (Mewar), diorites and hornblende-schists. 

117. Throughout the field-season Mr. B. 0. Gupta worked in 
Mewar (Udaipur State), on standard sheets C. I. and EaJ. 167, 
168, 169 and 170, carrying the work into the adjoining sheets 141 
and 142 on the west, iJius Linking up recent survoyis in Mewar with 
those of Dr. Heron and Mr. Ooulson in Ajmer-Merwara in the field- 
season 1923-24. AH these sheets are now completely surveyed. 

The area under review is almost entirely occupied by rooks of 
the Aravalli system, with several small outliers of the Baialos, and 
the great syncline of the Delhi system in the north-western corner 
of the area. The Aravalli system is represented principally oy 
phyllites and mica-schists, or by gneisses formed by the injection 
of granite material into the schists. The schists frequently bear 
garnet and staxirolito, and gradually give place to a gneissic rock 
in the western and north-western regions. The transition typos 
are irregularly banded gneisses, consisting of dark bioticic bands 
alternating with the lighter coloured injected aplitio or pogiaatitio 
material. Further west ifc becomes more homogeneous, but still 
well foliated, with lines of pink felspars along the folia. 

In close association with this gneiss have been xnapped several 
masses of a granite not very different from the gneiss, the two 
gradmg into each other. Mr. Gupta suggests that the gneiss re- 
presents the product of contact and absorption, while the granite 
shows the unadulterated central core of the platonic mass. 

Besides these there are definitely later intrusive granites, opi- 
diorites and ottier basic rocks. 

The Raialos are represented by a narrow ridge of marble, coarsely 
crystalline and dolomitio, which forms the eastern end of an exten- 
sive outcrop mapped previously on the adjoining sheet to the west. 

118. Mi. A, L. Ooulson completed his survey of Sirohi State, 
Eajputana. As Mi. Coulson’a memoir^ on the geology of Sirohi has 

been submitted for publication, it is proposed 
to refer briefly in the present report to that 
^ Mem, QecIL Surv, Ind,, LXIIX, pt. 1 (in the press). 


Sirohi Stale. 
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iwrtion of tto State Mutvoyotl daring tiio last field hcason. Tliis 
lies on IrUe old ono-iiKih slieotH of tlie Central India and Rajinitana 
Rnrvey Nos. 75 (45 76 (45 or, (45 tt'.s) «n<l 5>« (15 m xi)> 

the new niiinl)(*jw of the slieeiiH bi'ing in parenthesis. 

The hasK'iiu'iit lochs helong to tins Aravalli system and compriso 
miea-sohists, jihyJlites, shales, orystnlline lijnestones, ipiartsites, 
grits and conglomerates, with (?) eontemporaneouH tutTs and lavas. 
Tlie oldest meniheis of these found in thi* State oecin’ near Sindri't 
(shoot 95). TJio Sinclrot conglomerate coukiins large pebbles of 
quaj-tz. qiiaitzitos, mica-schists, <|uai*tz-Behists, etc., which are con- 
sidered to 1)0 derived from some older members of the Aruvallis 
wliich had sufferi'd erosion before tJw laying down of the ►Sindrot 
cojiglomorute. 'llic conglonn'tato is associated with thin cpiartzitos, 
? cont<‘mpora noons luisaltic and tiilTacoous rocks, ferruginous djudos 
and phyllitO/S, etc. 

It is eonsideroil tliat the post-Delhi Krinpura granilo batholith 
forming the Abu tnm.sif was intruded at or near the junction between 
the Aravallis and tli(‘ Di'lhis. llie latter are now found to the east 
of Mount Abu, the Aravallis oecmiing to the west. Marginol 
faulting aceomx)auiod the intrusion of the granite. 

Basic rooks intruding the Erininira gmnite (but older than the 
Idar gianito) arc extremely nhTindnnt in the western plains. An 
interesting suite of igneous rock» was noted near Mundwara and 
Toa (she^ 95). Those may l)e of the sarue age as the £ni and 
Chan^wati. gabbros and ‘^ose in the sonth-eastom comer of the 
Statc,^ which have boon tentatively classed wMi the basic rocks 
of tho western plains, later thiui the lilrin})ura granite, but earlier 
than tho Malaui voleanios. The Miuidwara rocks comx)ri8e x)icritoB, 
dolorites, pyroxeuites, basolts, olivine-gabbros and sod«lilo-syenito.s, 
the oocunenco in llajputana of tlio Just named, and indeed in India, 
being rare. 

Tho granite forming tlie Nandwar and Kunda hills in the exti'cmc 
wostom part of the btate has been eomdated witli tho Idar granite 
(ssJalor or Siwona granittvs of La Touche) of Malaiu ago. Its 
hypabyssal and volcanic roprosontatives (the Malani rhyolites) have 
boon studied in detail. 

A few basic rooks were noted intruding the Idar granite or its 
velcanio reprosentativos. Those post-Malani basic rooks have been 


iSee. OtoL Surv. Jnd., ISill, pp. 448-4C0, (1931). 
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correlated with the albitised dolerites found in the extreme south- 
western corner of the State. 

Twelve analyses of igneous rocks occurring in Sirohi have been 
made by Mods. P. fiaoult of Paris ; these analyses will be published 
in Mr. Coulson's description of the geology of the State. 

119. Mir. Auden spent the period from December 1930 to March 
1931 in continuing his examination of the Vindhyan rocks along 
the Son valley in Mirzapur district and eastam 
Miwapuf disWetTand Eew^ah, working in sheets 63 L/10, 14, 11, 15 
Central India, Rewali and 63 P/2, G, 3, 7. Subsequently he spent 
two days at Tirohan, near Karwi, on the 
northern side of the Vindhyan shield. The objects of his work were 
to investigate the nature of the boundary between the Lower and 
Upper Vindhyans, and to decide whether the so-called Lower Vindh-* 
yans should properly belong to the Vindhyan system. 

Mr. Auden has continued the adoption of the term ‘ Semri 
series ’ in place of the prevalent term ‘ Lower Vindhyans He 
consideis that there is no reason, in the area exairdned, to separate 
the Semri series from the Vindhyan system, but, on the contrary, 
that the abimdant signs of shallow water and sub-aerial conditions, 
common both to the Semris and to the succeeding divisions are 
enough to warrant the inclusion of all the divisions in the one Vindh- 
yan system. This he regards as mainly of fiuvio-deltaio origin, inter- 
rupted by occasional marine incursions in Semri and Bhander times, 

Mr. Auden lays stress u])on the presence of glauconite in the 
Semris on both the north and south sides of the Vindhyan shield, 
and he considers this to be of correlative value. The Tirohan hme- 
stones are admittedly not exactly similar to their supposed equi- 
valents in the Eohtas stage, but the presence of flaggy ^uconitic 
beds below both the llohtas and Tirdhan limestones would appear 
indication enough of the general equivalence of the beds below ttie 
Kaimurs at Tirohan and along the Son valley. It may be objected 
that it is unsound to make use of the presence of a facios mineral 
such as glauconite for purposes of correlation. Mr. Auden 3femarks, 
however, that in a classification, such as that ef the Vindliyaa 
system, which cannot be isoehronie but can only be lithologicaij 
the presence of a distinctive mineral should be of valid applieaitioii, 
particularly when this is found to bo coBfi&od to a eharaotensteo 
group of rooks, limited in thickness, and showing oonstaart rela- 
tions with the beds above and bdow. 
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Itcconh of iho iholoyiud of Itidia, [ You LXVI. 


Wil-h regard to tlic ywnri/iijn'iiiur l>oun('U«y, Mr. Auden 
roitoratcB Ids opinion ol kot year tliat tlio Su..a;u brecciii occurs 
within and not at the buse ol uhe luihuurs. Jlo regards it as a 
sedimentary conglomt into iti.uie U|) of an;,nlar joint fragments and 
of ixjundcd |Kjl)blos of poicell.inite, i.'iiiilar lo that found just below 
the present outeroj) of llie bntici.i. An exiicUy similar breccia 
was found at Barmori (‘il" US': 83'' l'('--iiot in siV») and at J-luruia 
{2d® 32' : 82° 3d'), in the xnuldle of the glauconitic gnnij) of tlio 
Khoinjtui stage, wheiM* thew* ii uo (pusition of sepivrating oven ouo 
group from another. The iSusnai hoxison is last sccu in a westerly 
direction at Qiurdah (21° .‘Id' ; 82° 59'), \rhoro the Susnai shales have 
died out and the two b.mili! of <|ututzitc belongiug to tlio lower 
Kaimur sandstone st.ige ha\<‘ joiiieil together. The brccciji at 
Gunhdi is not cpiite at the base ol the united Jjowt't Kaimur sand- 
stone. The 8ojuri-lviiimur botiiwLiry west of (Jurtlah is along the 
junction plane of the llolihis limestone and the single Jjower Kaimur 
sandstone. The aetiuil junction ])lauc is never scon, but th(*ro is 
no doubt that tl (> tee s rits are perfectly conformable. Htill 
fuTth<!T west, the Jiijaig.irh sluih*!! deeieaso from their usiud thick- 
ness of 150 feet to less th.'u '/U f eii, with the result that tli>j •.e!ir[)8 
formed hy the lower and iippei gi’oiip.t of the Kaimur saudstoue 
almost unite. At B.i>rdi, tht>a«x iJuiles arc stated by Mallet to die out 
completely. 

Thoroughly weathered doloritos h.ivo boon found high up in 
tiho Eohtiw limostones west of Kunna. In all, four intrusions 
havo boon found in tliu llemri series. None has boon soon in the 
Kaiiuurs. As JDr. iloron has buggested, tho Semri rocks with their 
pyroclastic sodimeuts uiul dolerito intrusions, may bo o<piivalcut to 
tho Malani rhyolHios of we»t<*rji ll.ij|)utaua, in whicli aro found 
doloritos that do not poiiotrato tlie overlying Upper Viiidhy.m saixl- 
stonos. 

Mr. Audon disonssos tho uaturo and origin of tho glaucunitu 
in those Stnnri rocks. The mineral occurs either in pellet form, or 
interstitially, and is suggestive of tho glaucoultisation of rolled pellets 
of mud, and of tho mud matrix between tho sand grains. Frequent 
signs of bottom rolling arc soon in iho Fawn Limostono of tho JShein- 
jua stage and in tho Tirohau limobtono. Ho comments on tho 
prosenoo of this minor.irl in shallow wutor and sub-aorialiy osposed 
sediments, oomparhig this with similar occurrences in Cambrian 
sediments of America and Sweden. True glaucouito appears not 
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to have l>oen found in rocks older than the Camlman. Althongli 
there is no a jhmi reason to suppose that the mineral may not 
eventimlly ho found in rocks of late Algonkian age, there is at 
least indicatioji that the Vindhyan sediments may bo Cambrian or 
younger. It seems generally to bo accepted that the inineral only 
forms, at least initially before later redistribution, in sediments 
containing organic matter. Additional evidence is therefore given, 
aside from the presence of vitrain loiiticles in Kaimur shales and 
of the Ncemuch fossils, of the existence of life during Vindhyan 
times. 

Purther signs of arid conditions are seen in the marked fresh- 
ness of felspars in the granite floor to the Somri rocks at Tirohan 
and in pebbles in the basal Somris. 
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INIRODUCTION, 

EudiBia* meutioiuMl irom ]fi*kitieru Persia by Gnosbaoli^ 

in 1885 l)ut no wete noted by him. In 1908* 

Vrodonburg® fhwibed two sptwii's ooIleoLed by Mr. I. R, L Ward 
and Sir H. MacMahou from Kuh-i-Nahraru in Seistan. These were 
Piromca Vrodonburg and a form which Vrodeubiirg called 

JSippnrites tjosaviams. This ktlH*r differs «o much from H. gosa* 
vicmisn l)o(ivill6, and in fact jErom any known form, that I have re- 
named it HippurUes medcfiba^rgi. 

In 19iJl, Mr. Tipper’s paper ‘ The Geology and Mineral llesonroes 
of Eastern Persia’ was published,® and in this were included brief 
notes regarding the occurrence of Hippiiritic limestone in the Eerman 

» Grie»bAC‘h, 0. L.. Ree. (/toZ. Hwrv. lud., XV WT, p. 60, (1886). 

a Vwdenburg, B. W., liec. (hoh Surv. Ind., XXXVm, pp. 26-29, (1908). 

*Rec» (?col, aurv. Ind., lAU, p, 51, (1921}. 
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province. The liinoBtoue gouorjlly WhtH with tleoiiUhi uuoonformifcy 
on tUo Juf<WBio j)l.uit-l)oarIn‘> the ('n'Uwou.i inniig 

tibsout. Tipper tli.il. ‘ Conuneuoiiu', ali Al>a,ri(| ii. ruiw .ilmoHt. 

confciimoiwly to Koniuvii, forms (.Ue iip[K‘r of iJu* Diunaiui 

range and the Ku1i--i-nail.Mnu iitni numt of lilie liigli Ititls in i>lu‘ dis- 
k'ivt oE Kiilusliiur and tluiii of tliu lossils ‘ iii is only tlie lli)i|)uritidfi‘ 
and Olihot liudisliie wiiieh are at all ’ttt»ll-[m‘H('rv('d.’ 'I’ipixtr, Jio\v»'ver, 
mentions no dolinite species. 

In 1925, i)r. G. h!. Pilgrim^ jmblislied a new nneuoir on HListorn 
Persia and included in Ohaptor LV of lihl. memoir is a brief dt'serip- 
tion ol iio llippuritio Jimostono Bern's, wlxicli he <'.onsi«lerod to be 
o£ Middle Grotaceous ago. 01 the thn'o types ol outcrop which he 
distinguishod, only the first is o£ iiik'robt to u«. This forms <m the 
rorsiau pUtoau itself ‘the prominent iip[(or se-irps of nuiny of the 
bill ranges or, further worth-wejjt, even <intir(» range's.® Keganling 
the Uippui’itic Ijimostones belonging to this ebiss, I'ilgrim gives only 
a rolerenco to Tippet’s paper; in describing the otlw'r types, ht» 
mentions only the generic names, Dimnm and Ritdidiks, of 
speoiiueus occurring in the ivhatnir district. 

In sliort, wo see that in lHastcsrn J’ersia Jio lii.dini.i have lieen 
Bpeoifically detorminod and th.it, till now, avo have no b<isis on whieli 
to deckle the exact sferatigraphioal position of the Jlippuritie Ijinie- 
stones and therefore also o£ the Seinail, DuldiUr aiul P<iuj intrusive 
series. 

During recent years, the geological staff of the .Vuglo-Persiati 
Oil Company have studied the geology of Oentral and of p.vrt8 of 
Ifiastern Persia and 1 have soou iu the collections of Dr. (>. M. Lkhss, 
Dr. K. Washington Gray, and Messrs. Jonuiiigs and fcUuiw a groat 
number of Grctucuous fossils, but 1 luivc had no op(X)rtuiUty of 
studying them in any detail. As they are now iwssibiy lost to 
science, it is rather ilttlng that 1 have been entrusted by the Geologi* 
cal Survey of Indto with the examination of the lludi-tie coUoctod 
iu 1912-13 by Mr. Tipper and I am greatly indebted to Dr. L. L. 
Ifetm^, Ditector, Geological Survey of India, for too necossaty 
pcmimon to prepare and examine them. 1 am also indebted to 
Mr. E, L. G. Ologg of too Geologioal Survey of India for transcribing 
and editing my manuscript. 

^ as, with di««itun 9, (1926). 

• jagrim ,a. K, M»m. CboU Surv. Ind., XiiVIU, part iS, <1986). 

WOi P« 59a 
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DBSCWPnON OP RUDlSr/4e. 
fnmilr: HiW'tJRiriJD.K, IVoodwarcl. 

Ilippurites ( Vamniia) cludtnasi, DouvUl*'*. 

]80t>. {llippurUes lotitwianii^ pan\Zil\AA, (|<waugel)ilcle, PU X.XTII, iiy. 5. 

1897. Donville, Mem., p. 210 5 ‘Pl. XXXTV, BjTfl. .‘5, 4, 

1907. {JSippuritea bijJmn pfirs), Mem., iovt ICO. 

There is no doubt that flippuriles hin'hnd and II, cMlmasi ms 
closely related to each other ; but 1 do not agree with Toucos in 
uniting the two species. Hippvriles chalmasi has a trlangulax form 
ol the cardinal ridge, a character by which Donville was naisled to 
compare it only with Hippurites oi the sidcai/us group. Also the 
first tooth and the muscular apophysis < 11:0 completdy contained 
in the q>ace between the cardinal ridge and the first pillar. 

Tij>per’s specimens differ only in magnitude from the forms 
described and figured by Douville. They have diameters of from 
70-76 mm. whilst the figures of DouvillS show diameters varying 
only between 38 and 4.8 mm. In the text, Douull^ gives no measure- 
ments, but the form of the very characteristic first pillar and of the 
cardioal ridge, the position of the teeth and of the muscular apophysis 
are distinctly the same. Externally they show large riba, which 
Douvill4 has described as being the same ns those of H. gosavknsis. 

The species is known from the Gosau beds of Gams (Styria) and 
from Istria ; it has a Sontonion-Gampanian age. 

Locality : Badamu. (30® 21' 56® 44') W. of Kerman. 

Gleological map : Tipper, 1921, PI. VI, Boeokh 1929, PI. KXIII. 

Description by Tipper, 1921, p. 59, 60, 72, with generalised 
section, Plate TV, fig. 2. 

The collectioa from this locality is most numerous and includes 
82 specimens, 

G. S. I. Type No. 16,297. 

Hippurilts (Vaeoinites) lomvus, sj). nov. 

(Plate 1, figs. 1 and 2). 

Descripfiow.— Externally the lower valve shows fine ribs with a 
breadth of from 0-82 mm. opposite to the cardinal ridge and the 
pillars are two deep inflexions. The shell is very thin, never being 
more than 4 mm. thick. The height (without the upper valve) is 
in both t^edmeoB nearly 80 mm ; cross seotums sear the upper rim 



Ib4 of t/ii' Oetiimffnd Htrmt/ of fhdm. j Vui,. LSVI. 

incamii** uuu. untl 1)8 ^y2 iinii 'Hu* ttanliii.vl r«l}»« ih v«ry 

]oi>|' .uul Ibm, Ui<‘ iimli luliur uhoH .niil iioi. |>in4lt«‘*l m j(. ilio buv* 
Uio lonjj .ukI \V4‘1I tlt»v<‘l«|K'(l 'I'lit* iiiii.><itiUr i.> 

.Mid no.u’ (>bii I'lid of t>bo iviidiii.il Hd.'ii*^ vvhilHt. none ol Ui<' 
k'l'iifi 'Uo luohidod III <Miu Im'IiWoou Mio lurdiiul iid,'ji*‘ uiid iibc 
iirali |>iil.M' 

IMoioiKM'tt. 'I'luH m .i llippniiiio ol Hk- d('nlo(»< }<ioiiii. 'I'lo 
o.i.idiu.il i'id}(o m loiif'oi .uul libiiinor thiMi'iii all known kixiuum ol Lhot. 
gionp, iJn‘ form .mhJ |HH(i(iioii of lrb<< muwuil.ii iijHiiiliy.im m Uuit ol 
II. )m)lu'c>Ms (l)<nivdlo) Tonaw, Iho oxtonor w feluvl of If. hdm, 
MalJboi'un, whilKt. tbo roumiod tnul ol Iho ivmliiutl ridiro dilToTonUiikiR 
lb from If. malhmm, tbo 4‘AU‘nor and tbo lOiiHOubr ujioiibysiH 
Iroin //. daiUtlifs and fch<‘ form of tbo two pillaru from U. Inlus. 

Tbo lU'W HjKMtMM iu iM'ikiinly of Kononian .iffc ; <if Ibo nj'aroHt foiuw, 

U. iiiailm’mis m of (^wumbMi, 11 dctdalHA ol iimlouuu <uid U. 
lalus of U|)|M)r Huiitoiiian ago, 

Luoaiity : iiadauui. 

(I. vS. I. 'l'yi>ti No. lt>,2U8. 

llij)lunUe>> (Vaccmilt'b) corfHtwus. Douvillo. 

1800. lUuin., |i. !l ; I’l. Ll.iig. 1. 

JUOX 'L'oucaH, M^m., p. 8i>; 1*1, XI, 2, iitt} texi hga. I3X 

iV biirge sj^moinien with a diameter of 96 uuu. shows tbo ebarao- 
teristioB of this species ami esiieoially tbo long cacdiual ridge, the 
short but thick hrst piDar and the long pinobed-in base of the hoooikI 
pillar. 'L'ho part from tlw airdiiial ridgo to the wniond pillar m 
|(.b of the whole oiiuumfercnoe <iltb<‘ shell. On its HiirfiMK*, the lowoi 
valve has vny linr rilis whilst tho upper out* shows the lino letir.u- 
lated [HMos ligurod by Touoas. 

The specK>H is knowji only froui the Oohuuiumi ol lb)utheui Kiaiice 
whore it oooimi with Orbignifa voeMdu, VanoiuiU's !f(}fanU’m and 

V. W4t/ticf»m. 

Locality : Budamu. 

(3. 14. I. Tyi^H) No. lb, 299. 

BippurUeit {Vaocinileg) roumiti, Duusilld, xar. batnmm, Douv. 

LOlO. Ktoito. |). 13 $ ni. 11, fag. •'> : loiwl BiM. .le-bU. 

The shell of this variety is olton broken near tho oardimvl ridge 
and the pillars. Pouvilld’s ilguzos 46 h 19 show this curious oir- 
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c<uubt.tin4 whilbt ui Tipiiop'b (ivt 8p«ojai(*iJrt m ojily oue a(; 

all well piebej vetl. 

Doiivilk* Lib < 4 ivi‘ii ij» (l4‘0Vi]]>1>ion ol tlie evtenoi ol Iho lowei 
\dlve TL wIikIi 1 have t‘\.uuiiiMl, show UibiiUbk ribs 

whuh hav4‘ a thiekutsb ol bum lotu lo bjv uuu uoai 1>h> uppoi 

llUlgU) 

Thw bjH.<i(. Lw up U) the puw'ul only licuu kuowu liom the 
Luwei liauiiumaii ol Jjatoa ui Al}>eila 
Loiality : Badamu. 

tl y. I. Typo Nu. 15,300. 


Hii/putiki) ( 0 i)>u uU>i>ui>, Wondwmrd. 

Joluii <itol rwM.., p I'* IV, fag. 6. 

iSfa'> {Hkpi* ar{7a/a6rin6) VaiiUnt, JbiatiLt^, 

p. 280. 

189/, ifaiuviilo, M^ui. p. 201 , PI. \.X1X, fagid. 7, 8, Sa , io\t lig 71 

l*10i I'oucaa, M6in., p. LIO. 

1912. l>ouv die, K^ypt, p ‘114, PI XIV, %. d*. Uahiu Bitbyu. 

lUlbm^ul, p. 208 , Pi. XVU, fig. 15, (1927)1 

A colony, fomud u£ siwcial speoimoiis, ^ows that this hippunfco 
albo iuiiui leeht lih<‘ many olLiu, Init not all, Hudista* The spooi- 
m«‘Hb have a height ol .iboiit 1 !0 mm dumeterb of bom 35-5(» mm 
and ..hallow iil>b ol Jiom 2 1 mm The \eiy thm bliell, vnlh a thut 
Qesb ol bom I 2 mm Ihebliuhllv uiuliilalhi" waD, th< loiiy and l.hm 
rajchiial iid<>4‘, the poaitiou and ioiiu ol the pdlam show its bpei'ilio 
position. 

[n some bpec'imcns, Ute 4‘aidmal ridgi^ is broken, but the shell is 
intaot and not hrok<‘n, ns iigurod by Domilld and it is astonishing 
that, allhont^ the wall is imcommonly thin, it is quite resistant. 
Infh’od it seeiuh <«> d i<“el building wore a motlc ol acquiring resistanre, 
so that the bpcHies bo occuiiing are often iudivido^y weaker th an 
thobe which live alone c.g. Vaecinitcs oftpeli, PdgjHgcim morgm% 
and hm, etc. Beet building iorms, when cUsooveiod alone, as for 
instance m nulls, seem always to bo found broken, as is the case of 
the bpeeinieub ol T'. tvstcuZatis described by ]>oavill6. 

The specieb is known from the Campanian of Egypt (I>}obel 
Attaka near Suez) and horn Asia Minor (Bakim Khan). A speci- 
men, debcribed by J. Boehm from Bithynia. does not seem to belong 


t ilf. DouvlUt, PI. XXUC. figs. 8, 84, <1897) ; aad Swivillfi, fk XIT, %. S, (1913). 
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ti> this Btwios. Hi (bltoTS (‘SiSHsially in its cartliiial ridgo which is 
thickened ut tiu* i“nd, and Us j5<'iu!wlly jiitiehed-iii jiilliira ; as also 
in liiS thinker shell (10 niiu. iiisliead nf 1 '$ nun. in II. (vnieulonun) 
unit its lUHgnitnde (lOO nun. insteiwl «f 5iO-5t) nun.) twi thesi* tneasuTe- 
jnwuits uiH' very ennsUnt in all Kiawittiens round till now. 
liOCiftlity : Ihidumii. 

(j. B; i-Tyi>o No. 10,301. 


IlippmteH (Vaeeiniteit) vtedenVurgi, sp. nov. 

I'.MMt. (y/i/» 2 J«nV(s got.miM'^h) Itiuville iff Vivilouhura, tiuisfuji, Uif. Oeol. 

1:4, irv. hid., XXXVIll, p. 32.1. lig. 1 ; I’L XIV, ligs. 1, 2. 

D<wripti(>n.~-Tho, speniinens rownuWe iji all details tliosc do- 
Bcrihed hy Vredcnluirg as Ilipyuriten gosanenniH.Ttam. In comparing 
Vtodonlmrg’s figured specimonB with those of Ilipparitcs gommimsin 
from the origintd locality and the figures of DouvJlld, the following 
diilorencos were noted : 

J . The section of the test between the cardinal ridge and the 
second pillar is 1 /3*5 of the whole circuinferoncc of the 
valve, whilst the same relation in Ilippuirites goaomenais 
is 

2. The cardinal ridge makes an angle with the line of the cardi- 

nal teeth of from 4.0°-05° instead of SO*’ as in S. gosa- 
viensis, 

3. In H. gosemensis the sections of the circumference, between 

the cardinal ridge and. tike first pillar and between the 
first, and the second pillar arc ])ractioally the siuno; 
in Vrodonburg’s fonu, the former is practically double 
the latber.i 

ill! these differences arc oharactoilstio rather of IlipparUes 
gigmima than of U. goaaviensis, although the posterior cardinal 
tooth and the posterior muscular apophysis of the spooimons under 
examination arc similar to tiiose of II. goaavimsis. 

^ It iB ciirioxia that DouviU^, who has notod tho £om of [Viodonburg Kadisios do 
Sioile olc„ Mim» Oid* Jf'ratice, p. 83, (1910)1 has not soon those difforonoos. Vro- 
dsaatbukg (ioc, cU,, p. 224) states that from DonvlI^’s spooimons of V.gosavimais, ono 
ooUeoted ^ Ciaress in the Gorhi^s and figured in Bouvillie’s Memoir (text fig. 15} is thys 
Aoat similar. But 1 found that Xiouzia’s specimen from Sebonico in Jugoslavia 
(DomviM, H4m. PI. X XIX» fig. 6) is the nearest, as tho space between cardinal xidge 
aiki IM ttflbr ^ l| lixaesllie tpaee horn first to the secoxxd pilto. 
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The cardinal ridge diown, in Vrodenbiug’s section (fig. 1) is 
truncated ; in the text, Vredonburg states ‘ The cardinal ridge is 
long and slender and terminates somewhat irregulajly. I found 
that the cardinal ridge differs greatly in specimens that are similar 
in all other respects. It may be thin throu^ont its whole length, 
or thickened at the end ; it may 1)6 round-ended or truncated, whilst 
it may vary so much in length as to bo either longer or shorter than 
the first pillar. 

The diameters of the lower valves in the specimens under exam- 
ination measiue from 36-85 mm« and show a much gmater rela- 
tionship to H. giganteus than to H. gosavoMisis. Hippwites gigosun 
teus is of Coniacian age and I prefer to consider the new species* 
which I have called B. vreienburgi, as belonging. to that age rather 
than to the Upper Angoumian of H. gemoimsk. 

The new species is abundant in the collection. 

Locality: Badamu. 

G. S. I. Type No. 16,302. 



TxZT-iiGt. 1,-^Eipj^uTUes vtedenhurgi, sp. nov. Oross-seotion. Nat. size. 


Hipjmrites (Vacemites ?) vred&dmrgi, Ktihn, forma inmmta, nov. 

There are many specimens in the collet tion, which resemble 
HifjmrUes vredenburgi in all respects — exterior, i>osition of cardinal 
ridge and of the piUais, form of the pillars, position of teeth and 
posterior muscular apophysis. The cardinal ridge however is very 
much shorter than in H. vredenbwgi. As the length of the cardinal 
ridge in H. vredmburgi has a gieat variability, it is pcsmble that the 
specimens with short cardinal ridge are only an extreme variety, 
which might be placed, if one had not seen H. vred&d»irgi, in Ihe 
subgenus Orbignya. It is possible, however, as the intoior ol the 
shell is filled with crystallised calcite, that the very thin caidmal 


^£ob. eit., p« 293. 



16.S Reror^R of Ih GroUnfiral Rvi'rrif oj hiditi | VoTi. IiXVI, 

ridgo lias Iw'i'ii ilisoolvivl in <TyH(isiHmiit)i<m pmi’t'iis {Diii<ii‘H("u) 
Hiiiular foriUH arc known in IH^Tsitniv . < .</ //(//pn/As ( ('mc/ii/Vi's') 
■}•/>. Dmivilln |t. Ik 1*1. H. ‘(iy, -1) IVoni Un> I'oni.i 

niaii of Klnninlicla in Ali'cria, wJiinli in a ll. hihiiiiii, Unmnarili ot Uii> 
Hiinic liMialHiy jhuI.IiIic siiin<‘.cjil,<>rn.il aiiil inkcrinil « li.ir.l<‘f.<‘ii(il icit iia 
th«> I.y|)i<«i1 farm, Init wikh a ‘very tilmrii ciirdinal riilj'c, no l.li.it 
Doiu illA aIrfriK'H : ‘ .1 ’al JlMlA & feiliv di* forum inm (*h|hV.<‘ 

nonvcilo ; ci'piiiulant la disponition dw lijjanmnk. <‘orn‘Hj»ond Inpii 
a mm ^voluirion |i1n8 ayaiiow.’ 

r liliinb it imooBRary to diRtin>;iimlt this form by a Hcparato naTna, 
but not of siMmilm or varii'tal va1ii<‘, aa it simins ][toRHibb‘ to iim that 
it in only a slate of imwrvatiori. 'I'lmn^fori' Doiivillc’n form w 
nailed also U. Uinmi, jfmm InmcHta, lilihii. 

Locality ; Biulairin.*. 


(I s. r. tyiki No. m,m 



Thxt nn. 2 .— /IijjjhiWA'i /WHeoIrt. >u>v. Ciom >.>t<tinn. N>it ..pt 

Uvfij^tntes {OrhIjfHffa) tlfipm up. nov 
(Plato 1, fig, 4). 

Desmftim.— Tha tipper valve shows large imlygoiial, nomd.iumH 
slightly (lonticiilutefl, ^loreii and piuttiili's. lixteriially the limei 
valve ^ow» largo and sharit riba in a width of alioiit 5 mm. near tlie 
upper margin. Tlie cardinal ridge is vi*ry liroad, tlio first |)illat is 
long, nearly as long as tlie seoond, the latter not Imiug ]>iuclu>d-iii at 
the base. 

References : There is a onrions mixture of clviractOTistiea in 
this spooimon. The pores are characleristio of the gron]> of Orbi- 
gH^a t&ueati and mostly similar to those of Orb. mtleatoidrs, Douv., 
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tie yoTingosfc siH'cies ot the *»rou|> Tlie ribs arc more like thoae 
of (hh. cmrj Douv. and f hi. pimvihvitn^imit Toiic.is , the endiiul 
ridge w that of Orh. sulcafi^'iima, tie Heeoad pillar reHemltlt* more 
(hh. touca<ii, tl’Oib. and jircpsuJmtihHima . Toue.i**. Hit' firat ijillar 
only is not like that' of any of the Hpeoies; it is not so broad as in 
O. fmrasi, 0. cnreti, 0.' sHleaiimiiitU ete ;wiil it is also not pinched 
in as in 0 . prtrfmiecm. • ' . 

For this specimen I have oreatetl *i new specieo, whioi mav lie 
by its close relations with Orh, imcmi and Orb,, earew, of Sautonian 
age. . • 

Locality : Btidamp ■ . 

Q. S, 1 . Type No. 1G,304. 

nipjn/iritefi {HippuriteUa) romuropiae. Defrance. 

(Plate 1 fig. 3.) 

182L {HtppvriteB cotnuropiae) Defranoe, Diet. Sc, Nat. p. 195; PI. LVTTT, 
bis, fijars. La, lb; non i« 

18i7 (Hippiiritea rornvcopiae) Blaiuville, Man, Malacol. p. IOC ; PI. LXXXIII* 
figs. la. lb ; non 1 ? (of. Defranoe 1821 ).■* 

1882. (UippmUea romucopiae) de Orogorio, Bintend di Pacchino, p. 6 ; PI. 
m ; PI. TV, figs. 7, H ; PI. V, fig'^. 1 i, 16, 19 ; PI. VT, figs. 29, 31. 

IS’lV (Hippimfp*t pomuropiap) Dmnillc, M^m. p. 223, fi". 72; PI. XXSIT, 
figs. 11, PS, {non p. 8*> ; PI. XIV, figs 1-4 ; PI. XV, ficrs 2, 3). 

1*XhI {JTippuritep ronmeopt ft) Parona, Appcnin Meritliou., p. 10 ; PI I, fig, 1. 

1903. (Orbiqnpa lotnuropiae) Tour as, Mem. p ;>4 fi*|. So. 

1904. {JlippmU&i eornucopiu) Missiou de Moigan, p. 359 ; PL XXXIX, 

fig. 1 (cl. BeiuiilA, 1897, PL XXXll, ligs. 11, 12). 

1910, {Jlippuritella cornneopiae) D»mvillA, Sieiio, p. 79; PL VII, figs. S, 4, 5. 

1030. Znflardi-CkfinercL l\iglia, p. 9. 

Hub specimen has the same interior os the {orms desoribed and 
figured by Domilld and Toucas ; it baa however irregular and widely 
spread ribs on the exterior^ which are reminiscent of B. coilieiata. 
Woodward. This difference seems to me insnfiicient to create a new 
species, although Douvilli^ has figured a specimen from Persia, which 
shows no ribs (1897, i'1. XXXII, fig. 12). 

Hipptmtella eomvcopiuf is known from the Msestrichtian of Italy, 
Sicily and £com Xmriston. 

Locality: Badamn. 

Q. S. I. l^ype No. 15,300. 

>SeeVl.l.fig.3. 



t()0 Jt((onhof(h Groloqkul finrr<;f oj Judia, fVoTj. l.XVT. 

UippiuiUs {llippunfcHtt) prossoiiiwi, Doiivilli'*. 
is<)i. MCMii-.p. US; ri. will, IIS'S, i i. 

I'loa. Tom H, Mt 111 , |1. <17 ; I'l. VI V, b-s. I, l.i, 2 ; (i \t Ik'S. IfiJ, l,M. 

DoiiNiIlt' p. hi li*\f O‘)>»70. 

Tlu‘ H|)H)inii>nrf ,n<f in.Kiliioiilly idoiitwMl with tliosi* dowiiksl by 
Douvillo mill Touimh. IIip fliglitlly .vurj'ing I^ugUi of th« cnrdiu.il 
ridf?o in ditiVmil sps'cimnis numt, following Doiuillf'’ bo uttribntod 
only to (liffercMit st.ig<‘n of giowiili. 

Tho 8j)wieH‘ is kiiowii from tho iippiT AngmnnirHi of tlio Cor- 
bieres niid of Uio Ijibaimii.’ 

Ijooality : Badamu. 

a S. 1. Typo No. 16-,30tJ.. 


Ilippuriks (Pimiiud) pcnica, Vmlcnlnirg. 

PJOiMO. hoisUiii, J{it\ iUoL Iwi,, p. iiUOtlig. 2 ; PI. XY, Ijgw. iAi, 

1010. Dou\UK', Rieile, }>. SJ). 

Description . — ^Two specmiona show tho graioral fomx and oxtoraal 
oliaructoristics of Vtedonbnrg’s spooies ; one is however somewhat 
larger and has diameters of from 5 to 6*8 cm. In this 
latter ^eeimeu the pillars are of sabnorm^ length, hnt this small 
difieronoe does not seem sn£Gi<n«at to dlSerentiate it from the species. 
All spcoimcinB show feebler inflections of tho wall than the form figmod 
by Vredenburg; but this sli^t difforoucc is again not suflieieiitly 
great to be of speoifio value. 

PiroiuKa persicd is tlislingnished from ibi* relalpd sjiccios P. 
IHtfysluld, PaTona, P. jmlt/isti/id wr. damnim (iniber), KilTin and 
P. (xmtijfdfd. Woodward by its feeble itdlectioiiH and the rdnioHl, 
coiuplete abm'tH'o of scKsoiidary infltK'tioiis. 

The species was loniul by VredenbuTg at Koh-i-Nahiahn on tin* 
north-western margin of the Soistan hwaniiis near tho Pcreiaw- 
Afghan fiontiei. The specimens of Tipper were found not far 
distant from the same locality. 

locality : Badanm. 

C. S. L Type No. 16,307. 


^DowlllA p. 9, (1910). 
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TiXT-Fia. 3. — Section of Firomea pepsic i, Tredenburg. L-oarcUnal ridge, S- first pillar 
• . . E- second pillar. 


' * . . Family : RADiOLiriDiB, Gray. 

■ Eoradiolites ,cf.. }yrata% (Conrad) Douv. 

1852, m^ppurihs lyratufi) Conrad, OU, Hop. U. S.,,p. 23A; PI. VII, figs. 47, 4S. 
1883. (^pmieruZifes schweinfurthi) Ziitei, Lib. Wfiste, p. 79, 

1SB6. 1(B idiolied J^oetling, Zait. deuUch, geol, XXXVIII, 

p. 842. ‘ ‘ * 

1890. (SplMLtiTuliti^ 'dtuvayesi) Blandsenliom, Syrian, p. 88. 

1891. {Bippu.riUs lyratns) VVhitfield, Beyrouth District, p. 385. 

1900. {Sphaarulites lyraiui) J, Bcehra, iibanon, p. 219. 

1904. {tiavbuaqt^ia nicaisei mr. '>ckwcinfurthi) Douvill6, Bntl. Soc, !6cL Frame, 
p. 174. 

1907. {Sauoageaia moaiati, forma juv,) Xouoas, M6m., p. 126. 

1909. Parona, Siria, p. 4 ; PI. 1, figs. 1-6. 

1910. DotiviU4, Sicile, p. 70 ; PI. 1, figs. 2-4 ; PI. IV, fig. 6 ; PI. V, fig. 3. 

1912. (c/.) Parona, Anticolana, p. 11 ; text figs. 7, 8. 

1913. Douville, Egj’pte, p. 244 ; PI. XIV, figs. 3-11 ; PI. XVI, fig. 8 j text fig. 6. 
1923. Parona, Medea, p. 150. 

1926. Donvill^, Afghanistan, p. 246 ; PI. XII, figs, la, b. 

1926. Parona, Istria, p. 33; PI. Ill, fig. 10. 

1928. Klinghsjdt, Rudisten Entmcklimgastudien, p. 173 ; PI. XV, figs. 1-2 ; 
PI. XVI, figs. 3-8. 

1920. Klinghardt, PaHaeQntographiea, p. 99 ; PI. XIll, fig. 3 ; PI. XIV, 
figs. 1, 3. 

1930. Znifardi-Comerci, Puglia, p. lu. 

I regret that this fossil, so important for stratigrapHcal purposes, 
is very badly preserved, so that it cannot be accurately determined. 
In the larger specimen (height, 60 mm.; diameter of the body cavity, 
40 mm.) the shell with tih.e two siphonol grooves is laddng, only the 
cavity with the cardinal ridge being visible. 

A smaller specimen (height, 15 xnm., incomplete; diameter, 11 
mm.) is also an internal oast ; it is very similar to the f<Nrmer and 
may be of the same species. 

Locality : Begaijan (31® 5' ; 56® 44^. Geol. map : Tipper, Plate VI, 
(1921). Description: ibid^ p, 60. 

M 
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I-fecoiJb of lh( (noforiuul Sill i ^ iif /iiiiia. [VoL. LXVI. 


The coUectioD ineludos also a Trigonia and a Peckn. 

Locality : Abariq Kuh (29® 19' 58® 56') West ol Bam. 

No description: only mentioned by Tipper (1921), p. 62 and 
Pilgrim (1925), p. 68. 

(1. H. r. T>'pe No. 15, .808. 

Ihirmxia inermib (I)ouvill6). 

1013. (liaranui humn var, iwpmjs) T>uu\illc, K«>pte, 2«V); PLXM, figs. 

6* 7, 7a. 

Description . — ^Uppei valve xuikuovvii : lower valve bubconical, 
very plain witli femooth ornamentation. Siphonal grooves large 
and shallow ; the area between thorn is also very low and dilficnlt 
to see. 

Refereuceb : D<)iivill6 has considered this form a variety of his 
D. humei, but in my opiiium, the bluUlow and large evolution of the 
siphonal j^rooves and jnoludod area are uiosi important characteris- 
tics, which show (‘loser relations to otlier species than to D. Jiumei. 
The tissue ol the shell seems to be slightly finer in our specimen than 
in the form irom I5g;si)t ; hxii tins is ceitainly a difference ol little note. 

The spe(*ies is known only from the western side of the Sinai 
mountains, Irom shah's of Turoman agt'. 

Locality ; Dannauu range, opposite Sir-i-Asiab Shish. 

G. S, T. Type No. 15,309. 

Durania latvis, Douvill4. 

1867. (BadioHiea ^norloni) Fraaa, Ava dom Orient. 

1890. {Hpliamtlifes mortoni) IBlanekeuhom, Syrien, p. 8b, 

1910. Ricilo, p. 75 ; PI. V, 1, 2. ‘ 

The measurements of two specimens from Tipper’s collection are 
shown in raillimotres in the following t<ible : - 
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The exterior is nearly prismatic and not the usual oylindro- 
conical one of Rudistse, The channels, described by Douvillfi in 
the cortical zone of the sin'll, are rare and not easily seen. 

The species is known only from Syria and is of Cenomanian age. 
Locality: Badamu. 

G. S. I. Type No. 16,310. 
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Durama imjor, sy. uov. 

Description . — ^Upper valve unknown, lowei valve bubcomcal, 
heigLt LOO mm., cross-section irregular, 140 x 95 mm. Tlie shell 
is thin and shows fine chaimels, in some spaces very numerous, 
(nine to a length of five mm.) hi other spaces the usual tissue. The 
siphonal grooves are short, but deop. 

References : The specimens are similar to the European species 
D. cmiupastoris (Des Moulins), which also attains diameters of 110 
mm. and to D. lacm DouviU^, previously mentioned. The la^ 
shows in the shell the same fine radial channels, but they are lacking 
in D. cornupastoris. In the species under examination, the channels 
are however not rare as in D. latviSs but very' common. The shell 
is also very much thinner in relation to the diameter of the cavity, 
than in all other species. 

The absence of a cardinal ridge, the tissue of the shell and the 
form of the two siphonal grooves show the generic position of the 
specimens. 

Locnlitv; Badamu. 


G. S. I. Type No. 15,311. 
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R((orh i\j ilie (Uoloomtl Rvmfj of ludui, [ Voi, LXVI. 


Sub-Faiuily . LAPMitor^'KiiNuii, iiov. 

Tho occuir<*ncM‘ ot tho so-callt'd pstMido-pillarti in the genus 
iMpeuvHsna, 13ayl(* and in a new f4(niuH, here described, sooms to be 
of j»iea1 nn])Oifance. Tli<»re ih .no doubt that these two channels 
are siplional aroo\t‘H but intt^rnallv isituat(*d, wnnilar to those of tho 
famil) J!i|)[»uiitida‘. Tlu'j aiv developed howeviT in a difEercnt 
nninner ainl Hk' ligaimuital groove of the Ili|)f)UTiti(la' is lacking. 

Tli^‘ now t<imily sjm'uis to be a braheh of Hudist,e in convergent 
evoliitioii with the llip]>ui*iti(hr but ’it is certainly of younger ago 
and IhoTefore has not had so long «i time for sp(TiaUsation and is 
not bo widely distiibutcd ap* that family. It has n6 direct connec- 
tion w'ith tlie Tlipi U‘iti» iC, but is derived from tioumgesia. 

It appeals to Ik* disirihuted only in thi^ oriental region from the 
AI]is to Rasteiu Persia and to be restiicted to the Senonian age. 

Genus : Lapcirouseia^ Bayh*. 

Althoimh v(*ry characteristic, the goiiiis iMprirouseia 1ms no 

sjieeilh* diagnosis. Tiie name was first employed liy K. Baylc in 
the cx]‘laiudion ol L, jomneih^ Tnucas in his great memoir® has 
•joined it with Hp/ia ndiU'^s, but Douville® has drawn utt<*ntion to 
certain diilereii(*(‘S and *dlowed the genus to stand. DouvillS 

states: — ‘J1 est caracterisd par I’absonee d’arfte cardinale ct par 
la prcsejK'c de deux rentiements internes regulii^rement arrondis 
au droit dcs aires siphonales : cc sont dos pseudopiliers auxquels 
correspondent des oscules sur la valve sup^rieure.’ 

In practically th(^ same words Pervinqui&re^ statics : — II est 
caracterise pai rabwmee d’ar^te cardinale et par la presence cle 

deux ps(nitlopiliers au droit des aires siphonales, aux(iu(*ls corre- 

spondent <l<Mix os(*ules h la valve siqierioure.'’' 

Perviiuiuiere had already drawn attention to tho fact that the 
nuum of the genus is (‘orrectly JLapeirotiseia and not Lapeirousia, 
the name which was employed till now by Bayle, Douvill6 and 
Toucas. 

The iype-sp(‘cics is RadiolUc^ jomnettif Des Moulins, whilst the 
other known species are:— 


» B. Bayle, JErph Oatk gioh dt la Framt, IV b, PI. CX, CXI, (1878). 

* Toncas, M^m,, p. 49, (1907). 

• PouTm^, SicilB, p. 25, (1910). 

♦jPervbiqnito, Tunis, p. 320, (1912). 
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Lapeiroustia orateriformis (Des Moulins), Douv. 

„ fullax, Douv. 1915 {=L. rAtteli, Douv. 1913). 

„ nicolasi, Whitfidd. 

„ permnqui^ei (Toucas), Douv. 

„ atoK, Douv. 

OscuUgem, gen. nov. 

There is a new and very iuterealing form, which I have previously 
seen in material collected by the geological staff, of the Anglo-Persian 
Oil Company in Central and Eastern. Persia. It is similar to the 
genus Lapemmseia, Bayle, but diffm in many important respects. 

Diagnosis ; General form, flat or cylindro-conical, lamellate or 
striated ; moss-section, sub-circular. 

Cavity of the lower valve irregular, with two inflexions near the 
primary pseudo-pillars ; sometimes it possesses small inflexions near 
the secondary pseudO’-piUars. Large, or primary pseudo-pillars of the 
same evolution as in Lapeirouseia or branched, so that some osoulee 
may be seen in cross-section and probably also in the upper valve. 

Type-species: OsevUgera oleggi, sp. nov. 

We have previously remarked that the possession of only two 
pseudo-pillars is the most important criterion of the genus Lapeir- 
ovseia in all descriptions. Our example, which shows a great 
number of pseudo-pillaxs of smaller size besides these two primary 
pseudo-pillars, must therefore be regarded the type of a now genuh. 

Osculigera eleggi, sp. nov. 

(Plate 2, flg. 2.) 

Description . — ^tipper valve unknown: lower valve suhconical, 
hei^t 40 mm., diameter 68 mm.; greatest diameter of the cavity 
32 mm. Diameter of the meshes of the very fine cortical tissue fittan 
02-0*5 mm. ; pseudo-pillars completely closed, a significance of 
adult speoimensi; primary pseudo-pillars very large, greatest dia- 
meter about 10 mm., lying on the lai'ge inflexions of the cavity ; 
the secondary are very much smaller, roimded, and have diameters 
of from l‘6-2'6mm.; they are regularly arranged at intervals of 
about 9 mm. 

Locality: Badamu. 

G. S. L Type No. 16,312. 

1 See Dotivm4 p. 26, (1910). 

TS 
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OxnJiycra hippuridfonmi, sp. iiov. 

(Plalo 2, fisis. d and 5.) 

Jh'Miiplioii. Upper imlniown. TiOMer r.dvc laTgo, snh- 

oylhuliifil, evitiiiallv dctoi.dptl ■\\ii1i fine, siibequ.il rilw luimlimnp; 

lo 11n(H> milliiiielK s ot Mie pIk iiinfoHiiii e ; fine liomonlal 
lamellcu are only reen Aviiha linin. f^hell lliiek, Il»e mesliea o{ tlio 
tissue very fine, five 1o two millithetres. Tlie cavity has two deep 
inflexions opposite to the t\/o ptiinaiy psondo-pillaTS. Secondary 
psoiido-pillars very small, at dislanees of from 12-18 mm. from ono 
another and in very varying distances from the body cavity. 

This is a very singular form of a lapcirmiseid mdist, the others 
being fiat and showing only the horizontal lamellm or large ribs. 
We Imow, however, that in other gener.i there arc also forms which 
reserablo TTippurih’s in external form. 

Locality : Abriq TCnh. 

G. S. T. lypo No. 16,313. 


Omiligera magm, sp. nov. 

(Plate 2, fig. 1.) 

Dcscr^tan.— Upper valve tnibaown; lower valvo very massive: 
measmoments as follows in millimotios 


— 

Spocimen I. 

SpooiiDcxi II« 

Hoiglit 

70 

63 

OroaiOBt diatnolor «*«..• 

105 

110 

SlLorioati diatnotor 

83 

76 

HeslieB of tho tisauo 

4-5 

4^5 

IHaDQotor of fcho body cavity . . « . 

35X37 

22x35 


The shell is thick and shows externally large lamellse in the same 
manner ns the woll-known species of Lapemmeia joimM and 
L. eriOenfomis. The primary psendo-pillaxs aio very large, 11-12 
by 6*5-7 mm,, lying on slight inflexions of the cavity : secondary 
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pseudo-pillars, 2 mm. in diameter, 10-14 mm. distant from one ano- 
ther, one of them lying between the two primary pseudo-pillars is 
branched veitically, so that in cross-section a radial series of four 
osculflo is seen, the internal one being the greatest and the external 
the smallest, with a diameter of 0-8 mm. 

By these characters and especially by this branched secondary 
pseudo-pillar, this form is clearly distinguished from all other species. 
In the collection of Dr, K.’ Washington Gray of the Anglo-Persian 
Oil Company, I have seen a similar form from Niband^ which may 
possibly be of the same species. It was there the only fossil in a 
large series of sandstones and limestones. 

Locality: Badamu. 

The specimens of the genus previously seen by me, seemed to 
belong to a bigger species having regularly branched primary pseudo- 
pillars. They were collected in the Niriz country by Mr. Shaw* 

G. S. L Type Nos. 16,314 and 16,316. 


STRATIQRAPHICAL CONCLUSIONS. 


The small fauna here described contains specimens of 17 species 
and one variety, of which one is of certain Cenomanian, two of 
Turonian and five of Senonian age ; the age of the others is xmeertain. 


Xame. 

Xsml)ei 

of 

ftpecimens. ' 

Localiiy. 

other localities. 

Ago. 

mpwrius {Vaedv^) 
cMOrnati. Bouv. 

8 

Badamu 

Qosaufoim. iBtrla • 

Santon. ->CQinpan- 
an« 

iVaedniiet) 
cotdeut. Bp. HOY. 

8 

f» 

.... 

Senonian? 

SippuHlet (Vaeeinit«$) 
eorbarieui. DotiY. 

1 


Southern Franoe . 

Oonladan. 

EippuriUa (FooofojtM) 
nmadi tor. ba&mait, 
Doav. 

5 

SI 

Algeria • 

Santonlan. 

Bippuf&es JVacctnites) 
tssieiUosin Woodw, 

4 

SS 

Egypt, Asia Minor . 

Campanian. 

ffippuritet (VaednOeB) 
wdenburgi. sp. soy. 

•• 

»S 

Selfttan . 

? 

[ 

EippvtHUs (VaedniieB) 
vreSMburgitiamai, 

•• 

ss 

.... 

? 

StmmrUes {OrUgn^a) 

SOY. 

1 

ss 

.... 

? 


^ChehU-Paiziear Kaiband, between the Baabt-i-Kerir and the Daabt-i-Iiat. GeoL 
map : de Boeohlk, Plate XXllT, (1029). 

K 2 
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7i('Cords of the Geological Svri'ej/ of TmJia. [ VoL. LXVI. 


Narap. 

Numbor 

o» 

appcliuonfl. 

Locality. 

Pihor localities. 

Age. 

tltfiinn Ite, (Uippm iU Na) 
ctunnfcopiaCt 1 )»‘fi aiicp. 

1 

Paaiinn 

Jdirlslaii, KIdly, 

Italy. 

Alu'strlchtlan. 

Tfippurtte^ ( llipiun iH/a) 
tfro'^^GUrtu^ hoiiv. 

1 

»• 

IjObannii, (V>rbieret • 

Tnronlin. 

Ifippuriteif ( Vim»n a) 

ptnivrt, Vn‘<l. 

H 

pt 


V 

tS >railhntOi (f. 

(('<)iir*ul) Douv. 

jj 

Abailq Kilh 

N'^\f}?b.iii1sl \n, Hindi* 
HIotU Italy, IslrU. 

(Jeiiomanlan — Tuto- 
ulau. 

Durunia (Houv.), 

sp. nov. 

1 

Panna Itange 

Sliml . 

Turoulan. 

7)umnht l>ou\. . 


lUdamii 

Syria . 

Ceiinniaulaii. 

Vminia ww/op, hp. nov. 


n 

.... 

V 

domh sp. iw»v. 


M 

.... 

V 

Ost lilif/i rrt hippuriftfo} m is. 
Bp. now 

1 

Abtirtq KuU 

.... 

? 

OscftHt/ira mmouu * p. iu>v. 

2 

•• 

.... 



As llip liudisltp fm‘ alwiiys coiisidcMH'd to l>o of iinpoi-tant strati- 
fsraphical value, wo iiuisl ooiuiludc that th« ‘ Hippuritic limestones’ 
of I’c'Tsia ran'^e in from Hie <V'noTnani!m lo Iho Senonian. 

Tiny are e(‘rfainly not I'litircly of Middle Crei^iei'ous aj'e, as Pilgrim 
suggests.' The Benonian is Tej)rew‘ni,(>(l by most cliaractoristic 
species, such as Iligifurites corharkus, U. veskulosm, U.eornwopiac. 

It is a question of great importance how much of the Senonian 
is ptesent. For there are three eruptiv© series, tlio Semail, the 
DuMitar and the Fan] series, of 'which the exact age is unknown, 
between the Hiiipuritic limestone and the overlying Eoe-ene (G-inau 
sliah'H, Zindan aeries, probably Middle Koeene). Pilgrim suggests 
that these eruptive series are of Upper C!retae(*ous age." The 
uppermost hori/.on as determined by fossUs {Ili'iqmiteH rormi- 
ropi((i) is Minstriohtian. Evmi supposing that eornn- 

copiite diffiTS a little from the type, the Msostrielitian is tlek'rmiued 
in the adjoining Oretocoous series of Niriz, which 1 have sttidual in 
the oolleotiou of Mr. M. G. Bhaw, by the typical ami abundant 
Hifpurilei! oomKCopiu', by PolypfyoJitis tnorgaiti, Lofttma morgmi 
and Otnphalocyelm macropora. It is therefore at least definite in 
this adjoining country anti therefore also probably in tlio Kerman 
district. 
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The eruptions must therefore be restricted to tho time between 
tho Msestrichtiau and the Eocene, i,e., to Banian and Paleocene 
time. This time seems sufficient for the assembly of a great series 
of igneous rocks. We must also bear in mind that in tho Bukhtar 
series there are limestones interbedded with the eruptive rooks, so 
that ceitaioly a part of the eruptions were continuing under condit- 
ions of marine submergence. 


THE RUDISTID STRATA OF ASIA. 

The centre of evolution of the Eudistse appears to have been 
situated in tho western part of tho Tethys, the greatest number of 
all known species being found in France, Italy and in the Alps. 
From Northern Airica (Algeria, Tunis, Tripoli, Egypt) and the 
adjoining parts of Asia (Sinai Peninsula, Syiia) Rudistae have also 
been described, the latter by Fraas, Blanckenhom and more exactly 
by Bouvill4. 

Woodward^ ffint described the species collected by Lofbus from 
Hakhhn Khan in Asia Minor : Hippurites loftasi) H. coUiciatus, 
E. corrugatus, H. vesieulosus. Some years later d’Archiac men- 
tioned in TcMhatdiefi’s • Asie Mineure three species of Sippurites 
cmmvaccimm, Sphmrulites peillelld and Sphatrulites ponsiana but 
included no figures nor descriptions, so that it is impossible to say 
how exact his determinations were. The first species was certainly 
not E. cormivaccimtn but was probably E. goMvicHbis, or possibly 
the new species E. vredenburgi. 

Frech^ mentioned the occurrence of Budistss {Biradidites, Badio- 
Utes, Sauvagesia, Sphaervoaprim) in the Upper Cretaceous of the 
Taurus and of Pamphylia. In Bithynia there is a fauna well-known 
by. the work of J. Boehm, 1927. It contains Salnnia EmgJiardti 
l^iosiabilmgtiis, Eippurites gosavietusis var, ienuicostata, Eippurites 
bithynicus, sp.* nov., E. blanekctikonii, PraradiolUes (f. sinuatius 
(d’Orb) Radiolites endrissi, R. angeiodes (lie. de Lap.), E d, stib~ 
a/ngeioiks, Toucas, BimdioUtes soyphus, Durania cf. spadai, Parona. 

iWoodwaid, S. P., pp. 58-69, (1865). 

* pp. 86, 05, 07 from Amasia and SHksar. 

•Pieoh, pp. 200, 267, 206, (1916). 

*Hippurites bUkynieus, nov. gpeo. Kti}m.r— f. veaioulosva, J. Boeiim, p. 208: PL 
XVII, Og. 6; no» Woodward, (1927). 

1 have ptevionsly stated that Boahm’s specimen differs in many important charaoteis 
from the species of Woodward and 1 have according made a new species for the form. 
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Tn fcconi yeoi’s, B. Nowak has collected Rudistao Jioin tlio Cretaceous 
of Anatolia, but no description o£ tkosc has yet been published. 

Rtulisldo have often been mentioned from the ICai’abagh plateau 
of Arnu'iiia, firstly by Abich in 1859,^ whilst in 1867 the same aul.liof^ 
motilioiis RodioliUs morUmi from Alikulikut and® Ilippuriles cf. 
corniuwoinum from N.N.W. of Nakluchoron. Borokui, 1877,* men- 
tions (laprim agaiUoni from the same district, whilst in 1900 
Anthula ® mentions RadioUtes mortoni detorminod from the collec- 
tion of Abich. In his lost memoir® Abich himself has given two 
figiims of Ruclistoo on Plato VII, called “ Turonfossilion aus Kara- 
biig,” but no exj)lanations and even no names. Ills figure 1 is 
probably tlio form previously called by him Ilippuritcs cf, cornitwio- 
ciuam from Nakliichoron. The %ure is not cluiracteristio and it 
is only possible to say of it, tliat it is certainly not HvppurUes oornu- 
h’iuurc* 0 is probably the form oCton mentioned as Itadio- 
lifcs mortoni and is most probcvbly Dwrania austiwmis, as the form 

of I he shell and of llie cavity, of the siphomil grooves and of the 

are.i between tliem, of the branched cliannels in the shell and oven 
tlie nie.uureni<']its arc the same as in that species. Oswald in his 
treatise on the geology of Armenia ^ has only repeated the former 
statements. 

Prom Turkesfavn the first Uudistai are described by fiomanowshy, 
who® moutioned or described from Ferghana, Oaprotnm iouoasiana, 
0. plcmnsis, Ouprim admersa, BadMUes homighmsi, R, germari, 
and from Barvadano Oaprotma toiioasiam, 0. plaumsiS) BadioKtes 
agariolformis, R. polyoonilites, R. saxonitic, R. haininhcmi, B. gmrmi. 
This asHoe.iation seems to indicate a northern aspect of the fauna, 

not astonirthiug in tliis country. But Ifonri Douvilld® has stated 

tliat the (Uteininations wore Iwsccl mxui badly preserved shells, 
uiul the latter in now collectiotus from Fotghaua could only deter- 
mine BiradiolUos pratdngcns and Apricardia arehiad, two species of 
a southern ty|)0. 

^ Abich, p. 123, (1S5U): ‘ Im l)»nlya Bagh oborludb Clorgor JlaiiciUtti odalk, frag* 
mouto voa Uifipurites uad Ot^rofina;' p. 124, ‘bci Alikolikmt iu S. Korabagh 
Vkufiaptugma aguUhni and gtosse Sadimites’ 

Abich, p. 33, (1807). 

•ift«.,p.40. 

‘Sorokin, p. 02, (1877). 

‘AaUiuU, u. 143, (lOOU). 

* Abich, PI. Vri, (1887). 

fB. OBWald, pp. 350, 357.(1906), 

‘Bomanowsky, pp. 00, 100, (1880) ; and pp. 97-101, (1884). 

• pp. 392 and 395, (1914). 
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From Western Persia (BaUityari and Luristan) Douviil6 has 
desoribod in two publications^ the following species : Hippurites 
comuoopi'ie, Defr., H. morgani, Douv., Lapeirouseia jouaneUi (Des 
Moulins), Badiolites trigeri, Coq., R. peroni, Choffat, R. morgani, 
Douy., Proiradidlites ponsiuAus, d’Aroh., P. sp., Bowrnonia sp., 
Durania austmensis (Poemer), Biradiolites lombrioalis, d’Orb., 
B. permus, Douv., Polgpigchus r.iorgani, Douv., and P. striatus, Douv. 

In the previously mentioned collection of Mr. Shaw from Central 
Persia and especially from the Niriz country I was able to identify : — 

HippurUes cornuoopi'ie, Defrance. 

Hippurites morgani, Douv. 

Lapek&usda pervinguierei (Toucas) Douv. 

Osoidigera, sp. nov. 

PrmaMolites JumigMusi (Des Moul.) Toucas. 

Durania auslmmsis (Ponner). 

Polyptyehus morgani, Douv. 

Besides these, I observed a number of species of Buranin and 
Boumonia, which latter two genera seemed to dominate, the Hip- 
puritidco being very rare, whilst in Tipper’s material, the latter are 
dominant. I also observed in Mr. Shaw’s collection the following. 

Anthozoa : 

Cyohlitcs uulid'ifa var. lobiisU (Quenstedt). 

„ uuuLimlis, Lam. 

„ me^iootti, Noetling. 

„ sGutfMum, Eeuss. 

„ ang^tmna, qi. nov. 

Aspidiseus orientaUs, sp. nov. 

Oyoloscris laincllata, sp. nov. 

Palasopsainmia fasliglala, sp. nov. 

TrochosmUia iitflem, Beass. 

„ brevicula, StoL 

Biyozoa : div. spea 

Biachiopoda : 

Ter^atula hiplkaia. Sow. var. dutemphana, Stol. 

„ sub-d^preasa, StoL 

„ cf. toucasi, d’Orb. 

Kingena sMkmurmsis, Stol. 


iDoaTill^ (1901) and (1010). 
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l^loliinoclcrmata : 

< r. rost^iar, (Jottcsui & (jiaiithicr. 
nnuijam^ (^olU'aii k (iauihitM'. 

Purimt onvoUdis^ <'(»i((niu & Gauiliicc, 
Ilcmiimvuiifes < f. minors (Joitcuu & Gauthier, 
Intniaslor ttp. 

JVIoIluaca : 
ikmliimi wp. 
iDoevmmns «p. 

Nvilhm ttj>. 

j^pondi/lus aulhsemilifa, Uuuv. 

(hlmt sp, 

Edotjyra »]>, 

Ahchyonla fivihmUti Lam, 

Tvvh(H (uundiiurs^, Stol, 

NmUi caroUm^ Klol. 

Nalica huUdformh, Kow. 

Puynelhn^ sp. 

Actaondla cyliiidrua, fSfol. 


Froju Eiishorn rerwia, llio ouly fauna doseribed is in tlio present 
pai)er by myself and iiieludos: 

IlipparUcs {VmiiiulcH) chahmdf Douv. 

j, conicus^ sp, nov. 
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cothwnom, Douv. 

„ rousseli vjvr. bainmsis, Douv. 

„ wsioulosm. Woodward. 

„ omienbnrffi, np. nov. 

„ „ fonm irunvala, B[». nov. 

{Orfiiifnyn) Hitpcri, np. nov. 

{IlijypuriliiUt) connwopuv, Dufruucc. 

„ (/rossounrei, IJouv, 

(Ph'owiuf) jH'rsini, Vmlonlmrg. 

Jiontdidift'ii i-f. Ij/ralun (Oourad) Douv. 

Du/tuniv. im'iim (Douv.). 

„ Imk, Douv. 

„ mtjor, sp. nov. 

Oseuligera deggi, sp. nov. 

,. MppurUiformis, sx*- uov. 

„ tne^na, ep. nov. 


ft 
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99 
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Prom Baluchistan, Nestling^ has described two forms Radiolites 
subdUata and R. muschketoffi — ^but which in view of the remarks of 
Douvill6^ must be regarded as indeterminable. Later Vredenhurg 
has described from Seistan 

Hippurites (Vaednites) gosaviensis (=H. vredenburg% Kiihn.) 

„ {Pi/romia) persica^ Vred. 

South of Herat in Afghanistan H. H. Hayden^ first mentions 
rudistid limestones, from which Douvill6 described 
Eoradiolites lyratus (Conrad). 

Apriemdia ncetlingi (Blanckenh) and Sphacrulites grieshachi, 
Douv. 

whilst from Kashmir and the Pamirs the same author® described the 
new species : 

Eoriopleura haydeni and Preeradiolites gitgitemis. 

Prom South-Western Tibet, DouviIl4 described’ Lower Cretaceous 
shales 'm^Pfaeradiolites Jiedini, Douv., from Central Tibet® Campanian 
with Boumonia haydeni^ Douv., and Bournonia tibetica^ Douv. and 
Msestrichtian with Plagiopfychus iiheticus, Douv. 

Prom the Karakoram, Parona has mentioned® Radiolites indicus^ 
Stol., R. peroni (Choffat), Durania cf. ar^iandi, Choffat, Gyropleura 
cenomanensis (d’Orb). 

Prom Southern Persia, Eichardson^® has mentioned some Eudistse 
from Khamir, which have been tentatively determined by Dr. A. 
Douglas : 

cf, Caprinella duhlieri, d’Orb. 
of. Durania Iccvis, Douv. 

<*{. Durania morton% Douv. (probably D. austinensis,) 
cf. Sauvagesia pratsharpei, Toucas. 
cf. Sauvagesia nicaisai, Coq. 
and are therefore Cenomanian — ^Turonian forms. 

Prom Oman, a country which belongs to Asia not only in geogra- 
phical, but also in a geological sense, A. V. KraflEt^^ found limestones 

^ Nuetting, pp. 50, 51, (1002). 
fiDouvill^, p. 392,(1914). 

•Vredonburg, Eec, Geol. A/wri;. Ind.^ p. 220, (1009). 

^Hayden, Mejn. Oeol. 8urv. M., p. 34, (1911). 

• Douvilll, Rec, Qecl. Bun\ Ind., p, 345, (1926). 

• Donvill6, Rec. Qecl. 8urv. Ind., p. 349, (1926). 

'in Sven Hedin, (1911), and Oomphe rendua Sot. Qtoh Frants, p. 5$, (1924). 
»DotiviU6, Pal. Indka, pp. 9, U, 16, (1916), 

• Parona, p, 65, (1017), 

Riohardson, p. 18, (1926). 

“Pi(gnin, p. 16, (1908). 
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near Kalhat with liudioUhit sp. Krom Uic Jabal-al-Millah, 
doscribed : 

Uippio’ifcn {Vaccinilcs) ptromi aud 

Poli/plj/olius Ir si. 

with a fauna of ajiparontly Mtuytriclitian ago. 

IflaHtei'u i’oisia ami Oman worn to bo on the ofisloru boimdary 
of urciis in wiiich Jturli^ko uro common. In tho well devdopod 
and foiidlifcrous (Jrotaooous sorios of India, only two rudists have 
boon dcscribod.® 

SpkicnMcs indioa, SioL and 

HidiolUas muiafrilis, Stol. 

According to llouvillo®, tiicy aro in a bad state of pteservaidou, 
tlio former being iiulotorniinablc wldlst tlio second is a Boumonia 
of llio 6o«/V(o»?i-grou]). 

Ifowcvcr, oven in tho Malayivn Aivbipelago rudistid limostonos 
ar(> often incntionod and sotnu spocius of liadiolUes and Sphacttdilcs 
of IJ|)j)er (Jretaeeoiin ape are described.* 

In (“iihlerii Alia only a continental facios of tho Cvetacoous is 
])rebent, but in ,(a[)an, souio Jjowor Orolaaeoas liudistso have boon 
described.® 

In conclusion wo nuy sbitc, that liudistso aro not rarer in Asia * 
tliau in tlio Orotacoous strata of Eurc^e or of America, although in 
tho Orotaooous strata of India tho almost entire absence of Eudistm 
is iomi^licable. 
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EXPLANATION OF PLATES. 

Plate 1.— Pigs. 1 & 2. — Hippuritea (Yaccinites) conicus, nov. spec, (5 nat. 
size). 

Kg. 3. — Eippuntes (Eippuritdla) coi infcopiae^ Peirauoe. 

Kg. 4 . — Eippwiites Upperi, nov, spec, (appiox. J nat. size). Ls= 
cardinal ridge, E and S=:pillais. 

Plate 2. — Pig. magma nov. spoo. (J nat. size). 

Pigs. 2 & 3. — Osculigera deggi, nov. spec. (| nat. size). 

Pigs, 4 & 5.'--Osculiqrra Jnppiinlifot mis j nov, spec. nat, size). 





FIGS. I & HIPPURITE8 (VAOCINITES) CONICUS, no/, spec. 2/3 nat. size. 
FIG. 3 . HIPPURITES (HIPPURITELU) CORNUCOPI>E, Defranoe. 

FIG. 4 . HIPPURITES TIPPERI, 00/. spec, approx. 2/3 nat. size. 

L oardititil ridge, E. and S. - pillars. 
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Notes on some Lower Palaeozoic Fossils from the 
Southern Shan States. By F. R. Cowper Reed, 
SC.D., F.G.S. (With Plate j.) 


A. ORDOVICIAN. 

Locality (1) Bawzaing. 

A Bniflll collection of fossi's was recently made hy Dr. Coggin 
Bro\\n fiom Bawzaing (20®67' : most of wiicli were 

obtained from ‘ argillaceous silt-stones ’ or fine-grained flaggy 
sandstones wbicb are stated to be intercalated with argillaGeous 
dolomitio limestones yielding occasionally large sipeoimens of a 
‘chambered cephalopod’ and a 'large coiled enompludoid gast- 
eropod The fauna of the silt-stones contains a new assemblage 
of species, but only one species {Chtlm sp. uot.) is abimd- 

ant and well characterised, the others being represented by sin^e 
and mostly poor specimens. 

List of seeoies. 

Orthis (fidmaneUa) mcrndpata, sp. nov. 

Lophos^ra cf. alterrum, Eoken. 

„ cf. devata. Dir. and Scof. 

Eelicotma cf. tamurai, Eob. 

„ cf. j^ndaioides Ulr. 

cf. nodoam. Salt. 

( 181 ) e 
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Hyolifhes ? sp. 

Cyeloceras ? sp. 

Ogygiies of. yuimanensis, Reod. 

Orinoidnl Tcinaiiis. 

The few Kjwcimous from SidmtiO Uill, Bawzaing, soom to indicate 
a slightly dillcrcnt Ordovician liorizon, none of tho species being 
identical ; they are, theieforo, described separately. 

KotBS on IBB BOSSTLS. 

OrtJds (Dcdmanetta) emandpala, sp. nov. 

(PI. .% figs. 7-14.) 

Shell ])lano-convox, shalloTr, semi-elliptical to subquadrate, as 
wide an long ; hinge-lino straight, nearly or quite equal to maximum 
width of shell; cardhial angles sub-rcotnnguhir, or slightly ohtuso. 
P(*(li<il(>-valvo gently convex, snbearinate, being most elevated along 
meditin lino ; li<*iik sni.dl, not much raised above hingo-lhie, slightly 
incurved ; liiiige-jirea triangular, moderate, inclined or nearly in 
phuio of valve. Interior with small, short, sub-rhomboidsvl, rounded, 
woll-ciroumaoribcd, sunken moselo-scar about one-fifth to onc-sixth 
the length of valve, nearly »is wide os long, and composed of pair 
of very faintly indicated, triangular diductors enclosing shorter, 
narrow adductors ; tooth short, stout ; pair of weak, narrow, elongated, 
vaBOular sinuses diverging from sides of muscle-soar at about 60° ; 
weak, mibmarginal, concentric, internal thickening of shell curving 
in neat oanlinal angles, liracliial valve flattened or slightly con- 
cave, with morn or loss marked, wojik median sinus ; beak very 
siniilJ ; hii)g«-aroa narrow, nearly at right angles to valve. Interior 
witli short, stout crura diverging at about 110° ; cardinal process 
not preserved ; musolo-soars very faintly marked ; strong sub- 
iniurgitial, coiusontric thick<'iiiug, more prominent than in othm valve. 
Surfacjo of both valves covered with numerous fine, sharp, equidistant, 
angular riblets, regular and mostly equidistant, curving back slightly 
on each side, numbering in all 60-80 on margin, of which about 
half the numbor arc primaries, the others (sometimes two to three 
in number}, arisii^ by intercalation at one-third to one-fourth their 
length. A minute, close, linear nodulation runs along the summit 
of each lib, and a delicate concentric striation covers the whole 
(nizfftoe of both valves. Internally the ribbing shows difltinotly, 
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and is especially stroiig towards the margins. Shell suhstanoe 
punctate? 

Dimensions. 

Iiength ...•«•••• 7—10 nun* 

Width 9 — 11 wxu 

Remarlcs. — ^This small species occurs abundantly in the collect- 
ion as internal casts or impressions of the exterior of both valves, 
but few of them are perfect and the state of pr^ervation renders 
it rather uncertain if the shell is punctate. It seems referable to 
the subgenus DalmaneUay Hall, as re-defined by Kozlowsld ^ rather 
than to Pionodema, Foerete, as re-defined by Cooper or to either 
of his new subgenera Doleroides or Mimella. But it may possibly 
represent a new subgenus. The pacific affinities appear to be with 
OhMs nodidosa, Lindstr.®. of the IMnucleus Shales of Sweden rather 
than with 0. argentea, His.^, because of the minute nodulation of 
the ribs, though the style of ribbing and outline are closely siimlar 
to the latter, especially resembling Wiman’s figure of the species 
from the Leptaana Limestone. The shell from the Hwe Mawng, 
beds previously described by the present author as 0. tesludinaria 
var. shanensis ^ is distingnii^able by the forked muscle scat in the 
pedicle-valve and by the absence of the internal submarginal ridge 
as well as by the want of nodulation of the ribs . The ribbing 
and shape of ceitain American species, such as 0. (D.) resujpmcUay 
Eaymond® (non Martin), 0. (D.) rogata^ Sardeson,*^ and 0. (D.) 
emaceratay Hall,® and its varieties may also be compared, but we 
may doubt if they are truly allied. 

Lophospra of. aUernanSy Koken. 

The basal and next succeeding whorl of a pleurotonmrioid shell, 
which are preserved in the collection, indicate a low conical sub- 
trochifoim shell with an apical angle of 90® — 100®. The apical 
surface of the basal whorl is broad and flattened, sloping down to 

^ Kozlo’wskl* Brach» G(M. Pod, Pol., Palaeont. Potoniea, 1, p. 58, (1929). 

* Cooper, Joum, Pcdaeont,, IV, No. 4, pp. 369>382; Pis. 35-37, (1930). 

® Lindstrom, Pragm. Silur, p. 26 ; PI. XIV, figs. 10-lla, (1880). 

* Lindstrom, op. dt., p. 26 ; PL XIV, figs. 12-15 ; Wixxtan, Arkiv, /• 2hol., Bd. 3, 
No. 24, p. 9, PI. 1, figs. 20-21, (1907) ; Mazr and Boberts, Qitari. Jowm, OeoLSoc,, XU, 
p.478, (1886). 

» Beed, Pal. Ind., N. 8., VoL VI, Meza. No. 1, p. 9 j PI. II. figt. 6-11, (1926). 

* Bayznond, Mus. BuZI. CM. Suav, Oaa^*, No. 31, p. 16 ; PL v, figs. 7-10, (1921). 

^ Saaraeson, BulL Min^iiesota Aoad. Ned. 8d,, 3, p. 331 ; PL V, figs. 1-4, (1892). 

* Hall and Clarke, Palieont., New York, VoL VIII, pt. 1, np. 207, 224 ; PL 5-0, figs. 
1, 2, (1892) ; Foeiste, Ball- IHnison Univ., No. XXV, p. 32] ; VH, fig. I, (1909). 

Ba 
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the angular peripheTy which carriea on. its upper edge the ^t-band. 
Below the slit-band, the outer rotmded face of the whorl is some- 
what flattened and marked oJf from the h’gh base by a faint, but 
sharp, nsnow, revolving lira (keel), the base of this whorl being 
gently convex. The slit-band is of moderate width, concave and 
baa sharp edges. The spire, is low and apparently only about half 
the he%ht of the basal whorl. The small second whorl, whioh is 
only partly prraerved, has the slit-band situated a little above the 
sutui e-line. Probably the rest of the spire was composed of 2—3 
more whorls, and wo may estimate the total height of the shell 
at about 22 mm. and the diameter of the basal whorl at about 
16 mm. 

MemarTcs. — ^As regards its affinities and generic position, we must 
put it in LopTiosjnm rather than in Glathrosfira, whioh does not 
have any revolving keel below the band on the basal whorl. But 
some examples of Cl. subcomca (FTall)^ from the TVenton, bear other- 
wise a close resemblance. The European qxwios X. altemans, 
Koken,* X. mhahfa, Kokon,® and X. niirJaritw, Koken,^ from the 
Baltic Ordovician, seem to bo allied species, but we may also com- 
pare the variety of X. hantatstieme, Kob,® from the Ordovician of 
Korea and X. morrisi, Grabau,* from the Ordovioian of Chihli, 
China. A shell from the Pulasld drift, near Trenton, Now Tork, which 
was flist recorded as Lophosjtira trofidophora. Meek, hut subsequently 
descrihed by Buedemann^ as a new species under the name 
Sotomaria pagoda, seems to bear a eonaiderable resemblance to our 
shell. It should be mentioned that Koken and Pemer {op. dl.) 
consider Lophospira, 'Whitfipld. to be a synonym of Worthevia, Do 
Kon., which was founded bn a Carboniferous species, but the former 
generic name is used by most authors for Lower Palroosoic species. 

Lophospira ci. devata, Ulrioh and Scofield. 

The imperfect internal cast of the two lowest whorls of a spocios 
of Lopltospira seem*: to belong to a dioH which may he compared 

» Foerste, Mem. Oeol. Svrv. Can., p. 210 ; H. XXXIV, flu. 12, (1924). 

* Koken and Pemw, Mem. Aead. Sei. Ruts., Vol. XXXVH, No. 1, p. 1S7 j H. XXIX, 
%. 10 ; tezt-%. 31. (1925). 

» J6«., p. 158; H. XXIX, fiff. 36; toxt-fle. 32. 

‘ Ibii, p. 169 ; PI. XXVm, fig. 20 ; PI. XXIX. fio. 30 ; text-flg. 33. 

'EoWyaski, Jafauese Joum. Qedt. Qeogr., Vol. VII, Nos. 3-4, p. 88 ; PI. IX, fig. 6, 
<1980). 

* Palaewrt. Siuiea, Ser. B, Tol. T, faso. 1, p. 36 ; PL HI, figs. 1, 2o, 5, (1922). 

* Eii|i#i«aup, mat, New fori Slaft Mus.. No. 272, p. 72 ; PI. IX, figs. 6-8, (1026). 
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witii L. devcOa, Ulr. and Soof.,^ of the Treutoa gronp. L. pagoda 
(Salter) ^ from the Central Uimalayas, may aleo lie allied. Otu 
^oimon has a sharply conioal drape with a much smalls apieal 
angle (about 46® — 60°) than the previously-deseribed species from 
Bawzaing ; the sutuie-line is oblique, the whorls are subeentrally 
angulated, with the prominent periphery bearing the alit-band on 
it or just above it. No details can, however, be made out. 

Helieotoma of. tatmrai, Eobayadii. 

The impression of the apical surface and parts of the sides of 
a small gastropod measuring 8 mm. in diameter may be referred 
to the genus Helieotoma. It is coiled into a nearly flat spiral of 
4 — 6 whoils which are subquadrate in oro%-section and rise steeply 
in successive low steps to the apex, each haring a rounded, steep, 
outer face meeting the broad, flattened, apical surface neatly at 
ri^t angles and elevated along the periphery into a low keel. But 
the outer face is not well preserved in our i^ecimens. The apex 
Of the spire only rises a little above the level of the outer whorl, 
and the apical surface of each whorl is nearly horizontal, but slices 
inwards a little to the suture. The keel on the outer whorl is 
submarginal. This shell resembles H. superba, Koken, * and H. brodd, 
Foerste * of the Black River group, Minnesota, and the Richmond 
formation of Georgian Bay, Ontario, ® rather than any species of 
Raphistoma, though it is somewhat like R. bcalare, Koken * of 
Stage C of the Baltic Ordovician. But we may x><*rtiouIarly com- 
pare H. Uimarai, Kobayaslu,’ from the Ordovician of Korea. Tto 
genus Helicototm, Saltm, is considered by Kok^ and Ferner ^ to 
lie between RapMsloma aad Ophileta. 

Hdieotoma of. phnidatoides, Ulrich. 

On another piece of rock the imperfect impression of part of 
tire ^ire of another species of Hdiootomn is seen, with broken 

^ Ulrich and ScoEcld, Final Bept.» Geol. B'at, IGst. Snrv. MinneBOca, PalaeonL^ 
V«l. U, pt. 2, p, 977 ; VI LXXID, figs. 11-14, (1897). 

* Btm, Pal. Ind.f Ser. XV, HimaL F(wa., Voh VII, Mem. Ke- 2, p. 61 ; PL X, fig. 12, 
(1912). 

» Koken and Pemer, op, eit., p. 119 ; PL XV, fig s. IS-l g. 

* Foerste, BuS. Scient. Lab. Denison Unip., VoL Xt?II ; PL X % : H. XI^ 3, 

> Foerste, Mem. Oeol. Sum. Caiu, No. p. 216$ PL XXXlV, jgpB. 23% b, (1924). 

« Koken and Pemer, op. eit,, p. 84 ; PI. Vl£ fig. 2. 

7 Kobayashi, Japanese Joum. Oeol. Qeogr., Vm. VIE, Nos, 3-4^ f. 96; PI. Xl» figs. 
4% b, (1930). 

s Eokmand P^mer, op. dt., p. 117. 
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fragments of ports of other shells of the some species. The apioal 
soifaoe of each whorl is slightly concave and is marked with oblique, 
sli^tly curved, transverse, tto, equidistant, squamose lines; the 
outer edge is raised as in the other species, and the whorls ascend 
in fflmilar successive steps, forming a very low spire ; the outer 
face is steep, but none of the specimens are well enou^ preserved 
to decide the specific identity. H. plan/ulatoides, Ulrich,^ from the 
Black Biver formation, is specially comparable, for it has similar 
transverse, squamose lines on the upper surface of the whorls and 
its other characters are apparently identical. H. tmnesseensis, 
SafEord,® from the Stones River group, is also perhaps allied. We 
cannot see it there are any revolving lines on the body whorl as in 
II. ptamdedOi Salter,® and in the previously mentioned H. brodd, 
Foerste,* both of which come from the Upper Ordovician of Canada 
and the United States. 

Cyrtolites aC nodosus (Salter). 

An imperfect specimen of a species of OyrloUtes shows the right- 
hand side and part of the dorsum of the last whorl of the shell. 
It consists of a slightly coiled cornucopia, the whorls apparently 
being only just in contact, and the shell expands rather rapidly to 
the moulh. In transverse section it is broadly sublanoeolate, the 
dorsum being subcarinate. The whorls are crossed obliquely by 
strong, widely spaced, continuous, subangular, narrow ridges which 
curve badk to the dorsum, meeting in a sharp Y ; the interspaces 
ore broad and gently concave. Any finer ornamentation which 
may have been originally present is not preserved, and the inner 
whorls are hidden in the matriic. In height, the shell seems to 
have been about 12 mm. The afiSnities are with C. nodosus (Salt.)® 
of the British Bala series and with C. tJaraivensis, Reed,® of the 
Drummudh group, Qirvan, the variety of 0. nodosus termed 
Umdooeriana'' bearing a close resemblance. C. ornaius, Conr.,® 
from he Biohmond foocmation of America, is also closely allied. 

^ miich and Soofield, op. eil., p. 1034 ; PL LXXIV, dg. 28 ; Poerate, M&n. CkoU 8m>. 
Oan., No. 138} PI. XX Xf V, dg. 22, (1824). 

* Ulrioh and Soodald, op. eit., p. 1034 ; PL ItXXIV, dgs. 20-24. 

•Ibid, p. 1033 ; PL LXXIV, dgs. 16-17. 

* Poersbe, BUS. Deoiaon Unw., No. 17, p. 137 } PL X, dg. 11, (1812) ; PL XI, dg. 3, 
(1912) : Mem. Qaol. Bure. Can,., No. 133, p. 216 ; PL XXXW, dgg. 23a, 6, (1824). 

* Bead, Uxdov. and Silur. Nellarophontacea (Palaeiont. Boa.), pfe. 1, p. 26 ; PL V, dgs. 
1-20. (1920). 

•im.,p. 28} PL V, dgB. 7-10. 

> ZMi, p. 28; PL y, dgs. 3-8. 

* mdob and SoofieUL < 9 . otf., p. 880 $ PL IiXll^ figs. 27-29. 
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HyoUthes ? sp. 

A Iragmeiit of a compressed, cosical, gently tapering, smooth 
shell with an oUiptical section, and with the one side which is 
eaposed showing a sharp line at the lateral jnnetioE o£ the dorsal 
and ventral faces may probably be referred to some species of 
SyoUthes. The specimen is broken across transversely, but only 
a piece 6 — 6 mm. in length is exposed ; the opposite faces seem to 
have the same convexiiy, no flattening of one face being observable. 
The major and minor ^ameters of the cross section are respectively 
7 mm. and 5 mm. No ornamentation of the surface is visible. 

Cydoceras ep, 

A fragment of a slender, nearly straight, cylindrical cephalopod, 
measuring rather more than SO mm. in length and 6 nun. in dia- 
meter, is probably referable to the genus Cydoceras xathmr than 
to Protocydoceras or Spyroceras. It seems to have been sub- 
elliptical in section, but only a portion of the ciroumferenoe (tire 
dorsum?) is exposed, the rest being hidden in the matrix. The 
rate of tapering seems to be very dLow. It is simulated at almost 
equal intervals by narrow prominent rounded rings set apart mostly 
at more than half its diameter, and they seem to be slightly oblique 
to the axis, but we cannot see if they undulate. Qhere are about 
six annulations in a length of 14 mm. The interspaces are concave 
and wide, being 8—4 times as wide as the rings. No septa or 
siphuncle are visible, but the exterior is seen to be ornamented 
with very fine, concentric striae which are only preserved in some 
of the interspaces. A general granulation is also present, and 
the minute granules seem to be arranged in rather widely spaced, 
longitudinal lines, but this is somewhat doubtful. 

We were at first inclined to compare our specimen with 
Orthoceras {Protocydoceras ?) deprati, Beed,^ from Shihtien, Yunnan, 
no ornamentation was visible on that species and the annulations 
are more oblique to the axis. Kobayoshi ^ has recorded Pr. deprati 
from the Ordovician of Corea. We may best refer our shell to 
Cydoceras on the strength of its resemblance to Cydoceras ttn- 
didostriaium (HaU) as re-defined by Eoeiste* from the Trenton 

1 Bead, Pci. Ind., N. 3., VoL Ti; Mem. Mo. 8^. 38 ; PL V, figs. 18, IBa, 8,(1917). 

> Soba^adij, Jemmete Joum. CfeoL Geogr., voL V, Mo. A p. ISt ; PL xlT 
(1926-37). r -6 

* PoeiBtek BuO. Denitoe Uftie. BneO. Lab., VoL XXTTI, p. 176 ; PL XI, tgg. 1.A— D, 
1928). 
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limestone. ilio Chinese species Gyclooeras TcamsaMi, Kob.,^ seoms 
also to bo allied to oui shell. 

Ogygites of. yurmanensis, Heed. 

The broken improssion of the lower surface of part of a large 
head-shield of a triiobite, resembling the species Ogygites ymnaiiensis, 
Eeed,^ from Yunnan, occurs on one of the slabs of rock with 
numerous examples of Orthis emandpeUa. We can see the outer 
edge and part of the posterior edge of one free cheek, the outline 
of the large eye and faint, concentric, subequidistant lines on the 
inferior surface, but the genal spine is broken o£ near the base. 
The head-shield of this indiridual must have measured, when 
perfect, at least 65 mm. in length. 0. birmauicus, Beed,^ from the 
Hwe Mawng beds of the Northern Shan States, which is closely 
allied to the Yunnan species, has fewer concentric strise on the 
inferior surface of the head-shield, and thus seems less like our 
present fragmentary specimen. On the same slab as this large 
free cheek, there is a much smaller free cheek showing the upper 
surface, the eye, and the outer and iimer margins of the cheek 
with the facial suture having the same course and the outer margiu 
with the same flattened border as in 0. yunimiemis. The genal 
angle is missing. Patte * has recorded from Tonkin a fragmentary 
specimen which he compares with 0, birmanieus. 

Crinoidal remaiuB. 

A number of small, slender, cylindrical, strai^t stems of 
approximately the same size and consisting of equal or nearly equal 
joints, with a diameter about times sheL thickness, are scattered 
about on the surface of one slab of rock from Bawzalng, containing 
a few specimens of Orthis omndpata. In xilaces, the joints are 
ietachod and show their articulating faces. The central canal is 
very large and circular, and the narrow rim surrounding it has an 
outer row of short, marginal crenulations, 30 — 36 in number on a 
joint of average size, in one fragment of a stem, measuring 13'5 
mm. in length and I’7 mm. in diameter, there are IS joints; in 

^ Eobayashi, Japanese Jowm. Oed. Qeogr,, Vol. VII, Kos. 3, 4, p. 34 ; PL VUl, flgs. 
30,36,(193^. 

» ¥<a. Ini., N. 8i. Vol. VI, Mem. No. 3, p. 42 ; PL VI, figs. 12-14 ; PLVlIt figs. 

l-A (IWT). 

* BeeA op- dt., Mem No. I, p. 30 ; PL V, figs. 16-18 ; PL VI, figs. 1-4, (1916). 

* Patte, BniL atm. Qeok Indo-Ghme, VoL XV, laeo. 1, p. 46 ; H. 1. fig. 11, (1926). 
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onotliier, 10 mnn. iu length, and 1'6 mm. in diiimctor, tlwTo .‘no 15 
joints. Oooasionally, there is a blunt proiuiueuco on the j[H*rij)!)i*ry 
of some of the joints, but this is r.uo and the bteius are uhimlly 
smooth. It is impossible to determine the genus of those isolutetl 
stems, but mmre than one species is represented. 


Locality (la) Siderite Hill, Bawzamg. 

One piece of rock from this locality contains many fragmentary 
joints and stems of ctinoids in the state of ciwits or impressions, 
and one internal east of the pediclo-valve refer, blc to Orthis praelor, 
Reod,^ which occurs in the Ordovician of Yunnan, sihorving the 
characteristic small, subquadrate muscle-scar. There is also the im- 
pression of the exterior of two brachial valves which ore bilobed 
by a rather diarp, deep, narrow, median sinus increasing in width 
anteriorly and bearing numerous, close, regular, equal, radial, rather 
thick, thread-like riblets inoreasing in number by interoabition to 
about 100 — 110 on the margin and curving back gently on each 
side of the median sinus. The valves are semi-elliptical iu shape, 
about twi c as wide as long and have rectangular cardinal angles. 
They suggest a comparison with Orthis {Uarlnessella) vesperiiliOi 
Sow.,® or one of the allied species dos«ribod by Bancroft,* There 
is also a minute, somewhat impcifect head-shield of a species of 
Pliotnera, which does not seem to be eithc.. PI. insangensis, Beod, 
from the Northern Shan States, or PI. martelUi, Reed,* from Yunnan, 
but it is too poorly preserved to describe or to decide its precise 
affinities. 

But we may certainly consider the age of the rook to bo 
Ordovician. 


Locality ( 16 ) Bawzaing and Pennebin. 

Tn the limestones, stated by T)r. C<^gin Brown to be intorbodded 
with the silt-stoires containing the brucliiopod Orthis {Daltmiiella) 
maneijmta, etc., it is mentioned by him that tliere are occasionally 
luge specimens of 'Orthoceras sg* and a coiled, euomphaloid 

^ Reed, Pal. Hd., N. B„ VoL VI, Mem. No. 3, p. 21 ; PI. IV, figs. 9-12, (1917). 

* Davidson, Jtfo». Srit. Foes, RntcA., No. HI, p, 236 ; PL NXN, figs. 11-21. 

* Banoroft, Mom, Proe. lAt. PhU. 8oe. Hanchesler, Vbl. 72, No. 12, p. 190 : PL II 

figs. 13-16, (1928). . i*. 

<Beed, op, ««., fb ; PL VH^ fi^. 1{^ (1917). 
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gastropod. Tho two fragments of a oephalopod wUch he has 
sent me ate not genoiically deteiminahle, only the weathered edges 
of a series of rather closely set, oblique ? septa being visible. Kie 
third and larger block of limestone (marked 109) contains sections 
of the gastropod, 30 — 35 mm. in diameter, but it is impossible to 
say if it belongs to Euanphalus, Ophilela or Madurites. Another 
piece ^ows some smaller, weathered, discoidal gastropods on the 
surface, but they are not determinable. A small piece of lime- 
stone from Feimebin, a locality further south, contains small, spheri- 
cal organisms or bodies which woatber out on the surface and recall 
foraminifera, but miorosoctions show no recognisable structure. 


Localily (2) Panghkaw. 

Notes on the eossils. 

Pliomera (JEncnnwella) insangensis, Seed. 

A portion of the thorax of a partially enrolled specimen show- 
ing 7— 8 segments, and the impression of the exterior of same, 
may without hesitation bo referred to this species^ which occurs 
in the lithologically similar Hwe Mawng beds of the Northern Shan 
States, as well as in the Naungkangyi beds.‘ 


Ocaryoarinus ? sp. 

Two small plates of a cystidean of a pentagonal shield-shape 
may probably be referred to this genus. 


HyoUthes 1 q;>. 

A fragmentary, apical end of probably some species of Hyolitlies 
is recognisable on another piece of rock. 

Condusions . — The evidence afforded by these few specimens is 
suMcient to indicate that the age of the bod corresponds with that 
of the Ordovician Upper Naungkangyi or Hwe Mawng beds of 
the Northern Shan States. 


Seed, op. eit., YoL VI, Mem. No. 1, p. 60 ; PI. Vm, figs. 15-21, (IS 
* Keed, op. eit., YoL U, Mem. No. 3, p. 74 ; PL V, figs. 19-25, (1906). 
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Locality (3) Yeosin. 

A considerable series of fossils was collected by Dr. (Joggin 
Brown from the so-called Piudaya beds ol this locality, but only 
a few of the specimens are in a good state of preservation, most 
of them being in the condition of imperfect internal casts or ex- 
fjemal impressions. 

List of species, 

Orthis cf. irravadica^ Eeed. 

„ {NicoleUa ?) praetor, Eeed, 

„ {Binorthis ?) sp. 

„ {GlyptortJiis) cf. lanieUosa, Twenh. 

Ptychoglyptus sluinensis^ sp. nov. 

Yeosimlla consignata, gen. et sp. nov. 

Leptelloidea yeosinemis, sp. nov. 

Somrbydla ? a£E. youngiam (Dav.). 

„ ? cf. ledetmm (Eeed). 

Christiania cf. tmuicincta^ McCoy. 

Petroria cf. rugosa, Wilson. 

Camarella sp. 

Protocrisim cf. vkichi, Bsssler. 

PJimidiclya cf, nitidtda (Billings). 

„ cf. mniahilis^ Ulrich. 

PacJiydictya sp, 

Ptilodictya sp. 

Favosites ? sp. 

Batostoma sp. 

Caryocnmis cf. turbo^ Bather. 

„ sp., a. 

,5 sp., b. 

Crinoid stem joints. 
lUamus sp. 

Prwiitia sp. 

Dictyoneim% sp. 

Notes on the fossils. 

Orthis cf. irravadioa, Eeed. 

*rhis species ^ was foimded on specimens from the Naugkangyi 
beds in the Northern Shan States and is somewhat variable. It 


1 Reed, PoZ. Ind., N. 0^ VoL II, Mem. No. S, p. 52; PL IV, figi5,15-22, (1906). 
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Willi coiiipitmi \/jt]i 0, 'i)io/ieta, Eichw,, iind ospecially wdth tte 
vui;<‘u> (»^a/od by WystM^orski vvliiclx Opil; ^ ii]iK> liguros from Stago 
(J i?i liiUioina itnd plaoo,s in Clio aiibgciui» NiroIAIa. liui wo may 
boUcr oouiparo 0, Igtl'holhiii mis, Wiinan,**^ froiii tiho Lycklioliu bed 
iUid from Uie Loptona Jaiucbtoiio of Swodoii. Tiioro are some 
imp(n*foot spocimous iu tlio collcotion from Ycosin wliicli may be 
oompared vvitli 0, inavadica, but tho^' are too poorly preserved for 
a precise deterraiuation. 

Orlhis {Nicolella'i) pru loi, Reed. 

Tide species wbioh was eotablisbod for a form ocoiuTing iu 
tbc Ordovician of Rupiao iu Southern Yuunau, is reprosonfced by 
seveial impencct impressions and caats from Ycosia. ll boars a 
coj'taiu roaemblanoo to OHhis {Heenidium) compla, Siilter,* from tho 
OeuU-ul Itimalayas, but may more probably bo referred to the sub- 
gcuua Nicolella and be considered allied to 0, cttlomae, Soa\, 
espuially resemiding tho vari ‘ty ® from Qirvan and some 

sdu'JJs ligured by Opik as Nicololla sp. from Stage C I3 in Ifistlionia 
and by Liudstrom ^ from Sweden. It does not seem allied to 
O. irramdica as was previously suggested, and probably belongs to 
a (Meront group or aubgenus. 

Orthis {Dimrifds ?) sp. 

The imptossiou of the greater part of a large, flattened or very 
slightly convex, subcircular or soinielliptical valve cccurriug iu the 
collection from Yeosin represents a slicll of about 30 mm. in length. 
The hinge lino and umbonal characters are not preserved, bub the 
surface bears a number of regular, straight, uaTrow, rounded ribs of 
equal size, separated by narrow, rounded, deep interspaces iicaify 
equal in size to tlio ribs, and aU covered with a fine, close, concentric 
tikiubion. Near tho middle of the valve, a few of tho ribs bifurcate 
towards tho margin, but all the rest are simple and must have 
numbered about 50 — GO on the complete valve. Probably we may 

1 Opik, Braoli. rrotroxa. ISatl. Ordov. Kukruso-ytufe, Act, Comm, Univ, Tartiiensis, 
A„ XVll, 1, p. 9S ; PJ. V, Jdgs. 45, 46, (1930). 

a Wiraaa, Arkio, f, Zool,, Bd. 3, No. 21, p, 8 ; PI, 2, lies. 9-12a, (1307). 

« Reed, Pal, Ind,, N. S., Vol. VI, Slom. No. 3, p. 21 ; PI. IV, dgs. 9-12, (1917). 

« Beod, i 6 »d, i::}er. XV, Hiinol. Poss., Vol. VII, Mem. No. 2, p. 29 ; PL VI, figs. 6-0, 
(1912). 

‘ Bead, TfasM. Hog, 8oc, EdM,, LI, p&. IV, p. 861 ; PL X, figs. 28-35, (1917). 

• Opik, op. cH,f p. 97 5 PL IV, fig. 43 { p. 98 ; PL IV, fig. 44, 

9 liodatKom^ Silur, p. 27 ; PL XXV, figs. 4-9, (1880), 
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refer this shell to some species of DwortMs on the stren^h of the 
ribbing a^d outline, and 0. (D.) porcota, McCoy, an I’gnred from 
the Upper Bala of Girvan ^ may 1 e compared ; 1 nt 0. (D.) porcaia 
var. limamco, Reed.^ fiom the Upper Kannfdraiigyi leds is prob- 
ably identical. Amongst Amciiean species, we may mention 
0. (D.) carleyi, Ealb® of the Richmond group, which seems to be 
verj" close to the British 0. (JD.) retrorsa^ Salter. 

OrLltis {Glyptorthis) cf. lawdlosa^ Twenhofel. 

The impression of the greater part of a brachial valve of a 
small brachiopod shows the shape and th^ coarse, angular ribbing 
with the well mnrked, regular lamellation crossing the surface, which 
io present in Ortliis ? hitiellosa, Twenhofel,* and 0. hdslcyensiSi 
Reed,® the former occurring in the Ordovician (Ellis Bay forma- 
tion) of Anticosti Island and the latter in the Keieley limestone 
of England. There are about 12 ribs in our specimen from Yeosin, 
the two median ones Ijing in a weak sinus. No other characters 
are visible. OrilAs {Qlypiorthis) Iapwort?}if Dav.,® which occurs in 
thf Balclatchio group of Oirvan, is another allied species, as far 
as can le judged from external characters, but its reference to 
Hehcrfella cpti no loii<?er 1 e luaintained and Cooner ^ has recently 
described rr eHiod species from Oue]»ec. as Ohfffcrthis 

svblnf/elh^'u /II of tbese species resenible 0. bonclmn^i. T)iiY.. 
from the Silurian. 

Yeosinclla comigmta^ gen. et sp, nov. 

(PI. 3, figs. 1, la, 2.) 

Shell transversely fusiform, alate, widest along hinge-line, with 
acutely pointed and mor or less produced, cardinal angles. Pedicle- 
valve moderately convex, most so in middle ; beak sncuill, somewhat 
incurved. Interior unlmown. Brachial valve somewhat flat- 
tened, gently bilobed by broad, shallow, rounded sinu‘‘ widening 


^ Reed, Trans. Roy. Soe. Edinb.^ Vol. U, pt. 4, p. 838 ; PI. VII, finrs. 7-12, (1017). 
a Reed, Pal. hid., N. S., Vol. VI, Mem. No. 1, p. 10 ; PI. TI, 12, 13, (1915). 
•Poerste, Journ. Chicinnati Soc. 2^ai. Sisi., Vol. XNTT, No. 2, pp. 47-51 ; PI. II, 
figs. 3-A — "E. 

* Twenhofel, 3fv8. But!. O^ol. Bnrv. Can., No. 3, p. 24 ; PL T, figs, 1-.3, (1914) s also 
ilfem. Q^oh aurv. Can.. No. 15a, p, 175 ; PL XV, fins. 7-0, (1928). 

* Reed, Qmrt. Joam. Ccol. Soc., VoL LIIX, p. CO, (1897). 

« Reed, Trans. Roy. Soc. Edinh., VoL LT, pt. IV, p. 843 ; PL VIII, figs. 8- ’4, ? 16-17 
(1917). 

^ Cooper, Amer* Jmm. 8ci,, VoL XX, p, 266 ; PL I, figs, 21-22, (1930). 
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lather rapidly towards the front; hinge area narrow, triangular, 
inclined; interior of valve with thickened, ill-defined hinge-plate 
bearing broad, triangular, low, sessile cardinal process composed of 
pair of adjacent, paraUol, sublanceolate lobes facing inwards and 
in plane of valve ; crura short, stout, triangular, divergent, making 
an angle of about 30° with hinge-line, forming inner walls of deep, 
short, dental sockets with their inner f ice corrugated by 4— 5 strong, 
transverse grooves. Muscle-scars indistinct. Surface of valves 
ornamented with 20 — 22 simple, thick, straight, radiating, rounded 
libs of equal size, separated by narrower, sharply rounded inter- 
spaces and crossed by regular, equidistant, concentric, closely placed, 
rather coarse lines. In internal casts, the ribs show distinctly over 
the whole interior of the shell and are especially strong and well 
marked near the margias. Shell-substance rather coarsely punctuate. 


Dimensions. 


Lengih 7 tam. 

'Width 17 nun. 

Remarks. — ^This new species is represented by one good internal 
cast (A. 484)^ and an external impression of a brachial valve (A. 484), ^ 
together with one imperfect impression of a pedicle-valve and a 
very poor internal cast of another brachial valve (A. 491)*. All 
are of approximately the same size. It is rather similar in outline 
and ribbing to the Wenlock species Strophomena applanata, Salter,* 
but it is doubtfully allied to it and we may better compare the 
imperfectly known ‘ Orthis ’ ahta. Sow.,® from the Llandeilo of 
Shropshire. It is probable that the so-called Ghonetes ? thebavensis, 
Eced,* from the Naimgkangyi beds of the Northern Shan States, 
which was founded on a single pedicle-valve, is allied to or even 
identical with our Yeoain shell. The bilobed cardinal process, 
the stout crura and teetii with transversely grooved faces, the 
bilobation of the brachial valve and coarsely punctate shell seem 
to make it necessary to refer our species to a new genus rather 
than to any other established one. 

^ Bettered number in the fossil collections of the Burma Party, Geological Survoy 
of India, Bangoon. 

• Davidson, Mon. Foss. Braoh., Vol. Ill, p. 308 ; PL XLIIl, figs. 12-14, 

•IWd, p. 232 ; PL XXXin, figs. 37-21. 

P«i, Jttd., N. S., VoL II, Mem. No. 3, p. 67 ; PL V, fig. 16, (1906), 
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The external chaiaoters eomewhat resemble Orthia {BiVmgs^ ?) 
h/u/renima, Billings, from the Anticosti group,^ as well as some 
species of Scenidium, especially Se. odcmdicmn Wiman,® of the 
Leptsena Limestone and Se. atUhoneme, Sardeson, of the Trenton,* 
but the internal characters are completely difEerout. There is 
a greater resemllanoe to Clitambonites (Vellamo) pjramidcUis 
aromtus, Opik,* but we may greatly doubt if they are aUied. The 
new genus may bear the name YeosineUa. 


Ptyehoglypius shanmsis, sp. nov. 

(PL 3, fig. 16.) 

Shell transversely semi-elliptical, widest along hinge-line, with 
acutely pointed cardinal angles. Pedicle-valve gently convex ; 
brachial valve concave, closely appressed. Hinge-area of pedicle- 
valve triangular, of moderate width, steeply inclined. Surface of 
valves ornamented with 10 — 12 fine, straight, equidistant, linear 
radii with wide, fiat interspaces between them occupied by transverse, 
broken, somewhat irregularly zigzag, narrow, roimded rugse which 
are not continuoas and in places are nodular. 

Dimensions. 

Length ••••••••.o. 6 znm. 

Width «••••••. . 0*8 mm. 

Eemarks . — ^There is only one small specimen of this shell, but it 
shows the shape and ornamentation well. In ornamentation, it 
is especially like Sirophomem ruga, Hume,® of fcho Ordovician of 
Great Slave Lake, Canada, and it also resembles Lepiitna juMa 
(BilliDgs) from Anticosti,* but it undoubtedly belongs to the genus 
PtycJioglyptus, Willard, and is allied to Pt. bellanigosm, Cooper,’ 
from Ae Upper Ordovician of the Pered area, Quebec. The trans- 
verse rugse in our new species are much less regular and more broken 

^ Tvenliofel, Mem. Cfed. Sun. Can., Kb. 154, p. 17S; PI. X7, figs. 17, 18 and 
leferences, (1928). 

* Wiman, Arbiv. f. Zool., Bd. 3, Ko. 24, p. 7 ; PL 1, figs. 6-11, (1907). 

• Winoh^ and Sohnohert, Lower Sfinr. Btabh. Minnesota, BeoL Nat. Si^ Kurr. 
Mimteeata, Vbl. HI, p. 881 : PL XXX, figs. 20-23, (1893). 

*Opik, op. eit.,v. 215 ; PL XIX, fig. 223. 

* Hume, BuU Oed. Swrv. Gan., Ko. 44, p. 63 ; PL XI It, figs, do, 46, (1926), 

• Twenliofel, op. oit., p. 194 ; FI. XXTT, figs. 1 - 2 , (1928). 

’ CSoopor, Amer. Joum. SeL, VoL XX. P- 269 ; PL 1, fig. 6 , (1930). 
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than in this species or in Pt. virginiendSy Willard,^ from the Holston 
lime lone of Teimessoo. It is not identical with Stroph. aff. 
tOt n gaielhy Dav., fiom the Ilwc Mawng heds,^ which has many 
m^ro radial liblots and lines and an altogether different shape, 
though the nodnlar niga> give it a somewhat similar appearance. 

Leptelloidea yeosinensisy sp. nov. 

(PL 3, figs. 3-6.) 

Shell transvor ely semi-ellipfcical, wilo-.t along hinge-lino ; 
carJin 1 a ogles slightly produced, acutely pointed Brachial valve 
with ».arr m cardinal area, at right angles to plane of valve ; interior 
with mr oWj sub nnrginal, concentric ridge and concave, visceral 
disk, whicli ha-* a sharp, elevated edge and is divided by a steeply 
rising hro d, dong itod, subtiiangnlar, thick, median ridge widening 
anterioily and extending in fi onto! it; two pairs of adjacent, well- 
mailvcd addnctoiiS aio present on the di'^k, forming a pair of triangular, 
diveigout Runkoii scars, radially striated; crural plates short, strong, 
redirvcd, sitnaied close to cardinal margin. Pedicle-valve gently 
CO 'VC ; interior unknown. Surface of valves covered with rather 
thi(*k, fttr ng, rounded radii of which 8 — 10 are piimarios but scarcely 
kiTger than the 3—4 secondaries which lie between them ; a delicate 
close regular, concentric striation is present over all. 

DimensioTis. 

tient^th • • • 4 mm. 

Wi<li]i 8 mm. 

Remarks . — This s])CcicB is closely allied to Leptelloidea llandeUocnsie 
(Dav. p 's),® the interior of the brachial valve being almosi 
id*'dical in character with the one figured by Davidson and accepted 
by Janes ^ as Ihe type. A shell which was considered to be allied 
to Devidson's species was figured and described by the author® 
from the Upper Nanngkangyi beds in 1916, and is probably identi- 
c<»l with our Yeosin species. The ribbing and ornamentation of 

1 Willnrd, BuU. Cohip. ZooU VoLLXVin. No. 6, p. 283 ; PI. H, fig. 12, (J928). 

» need. Bid. Ind., Vo3. VI, Mem. No. 1, p. 12 ;P1. Ill, %b. 2. 2a, (1916). 

® Bavidsun,, Mon. Foss. Brach , Vo3. Y, Huppl., p- 171 ; PI. XII, fig. 26 (Non. figs. 27- 
29) ; Boed, Ttavt. Boy. Sor, Edinl., Vol. U., pt. IV, No. 26, p. 876 5 PL XHI, figs. 32-3i ; 
PL XIV, figs. 1-3, (1917). 

^Jones, Mem. woh Surv. Or. Bfif., Palioni., VoL I, pt. 6, p. 477, (1028). 

» Reed, iW., p. 13 ; PI III, fig. 3, (1916). 
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our new form are distinctive features which easily mark it off from 
the British species. 

SowerbyeUa ? afiE. yonngiam, (Davidson). 

There is one internal cast of a swollen, transversely subcircular, 
almost hemispherical pedicle-valve (A. 489) with a broad, incurved, 
overhanging beak and a hinge-line rather less than the width of 
the valve. The edges are somewhat broken, but on one side a 
marginal thickening is seen. A pair of longitudinal, parallel, 
vascular ? ridges run forward nearly to the anterior margin and leave 
a bxoad, smooth, median space between them marked with finCi 
longitudinal strife, and in the anterior half there is a single, median, 
strongly margined, vascular ridge as mie as the members of the 
pair ; on the lateral slopes of the valve there is a shorter, parallel, 
vascular ridge with traces of another nearer the hinge-line. 

This shell most resembles Lcpkitna youngiana, Dav.^ from the 
Craighead limestone of Girvan, which the present author® put 
with a query in the genus Plectambmiites, but Jones® has doubt- 
fully referred to Sowerbydla^ though he says it may belong to a 
new genus or subgonus. It seems more allied to Christiania than 
to any other genus, and the inneimost pair of the so-called, 
vascular markings maj be elongated niuscie-soars. 

Dimensions, 

Length 9*0 mm. 

Width . . 10'5 mm. 


Soioerbyella ? cf. ledetmsis^ (Eeed). 

Two examples of a shell which is probably identical with 
Leptdena ? ledetensis, Reed,^ of the Naungkangyl beds occur in 
the collection from Yeosin. The genus is probably Sowerbyclla, and 
its previous comparison with L p^t na r/iomboidalis was incorrect. 
We may better compare it wit i Plectambonites himalensis (Sidter) ® 
Irom the Central Himalayas. 


1 Davidson, op. cii , Vol III, pt. VTT, p. 320 ; PI. XLVII, figs. 19, 20. (1870). 
a need, op, i it., p. 889 ; PL XVI, figs. 14-18, (191 7). 

•Jones, op. cit., p. 494, (1928). 

* Reed, op. ciL, p. 54 ; PI. IV, figs. 39-41, (1906). 

•Reed, m. Ini, Ser. XV, Himal. Pose., Vol, VIJ, Mem. Ko. 2, p. 48 j PL IX, figs. 
16-19, (1912). 
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Chmthnia cf. t^nwchicM (McCoy). 

Tho internal oast of a pciliclc-valvo measuring only 1-75 mm 
in length nml ahoiit half as "wido has tho pecnliar siihobloiig, strongly 
influUMl shape of CfnisHaHUt tcuvicuicta (McCoy) ^ with the steoph 
descomliiig sides, short hingo-linc and elongated, narrow, vasculm 
channels of thi^t species, whicJl occurs in the Upper Bala of the 
British Isles, especially resembling the narrow, elongated form figured 
by Davidson {op, ci\, figs. 11, 12). l‘he species has been recorded*'* 
from the ETwe Mawng beds. Tt is possible that more than one 
species hns been included under this name, as it has been recorded 
from so V oral htirbeous in the Ordovician and alsj from the Llan- 
doveiv. Wo may also compare the species Ghr, diibia^ Cooper,® 
from the Ordovician of Perce, Quebec, and Ohr. trentonensis, Rued.,^ 
from the Trenton, with our Ycosin form. 

Petroria cf. nigosa, Wilson ? 

(PI. 3, fig. 16.) 

In 1920, A. E. Wilson® described and figured a new genus and 
speies, allied to Phetaynbonites (seiiv. er^'wso) from the Upper 
Ordovician of British Columbia, under the name Petroria rugosa^ 
of which one of the chief peculiarities is the concentric lamellation 
of the surface. There is a speoimon of a pedicle-valve (A. 490) 
in the oollootion from Yeosin which shows this featme, though iu 
a somewhat weathered condition, but otherwise it is clearly like 
Plectaynionites* In shape and other characters, it more resembles 
Wilson’s species than any other brachiopod. It measures 11*6 inm. 
in width and about 6*6 mm. in length. 


Caimrdla sp. 

The internal cast of a rounded, transversely subtriangular pedicle- 
valve of a shell which may be referred to the genus GaMarella 
measures 8*5 mm. in width and 7 mm. in length. It is truncated 
in front and has a broad, shallow sinus holding three equal, rounded 
ribs ; tho lateral lobes carry 3 — ^6 larger and stronger ribs which 


Eieed, 


1 Davidson, IVfoti. Brit. Foss. Brach., Vol. Ill, ’ 

sd, 7rane, Roy Por, Vol. LT, pt. fv, p. 902; PI. X\ Til, fig. 19, (1917). 


a Reed, Pal, Ind„ N. S., Vol. VT, Mem. Xo. 1, p. 14, (1915). 

* Cooper, Amer, Journ Pei., Vol. XX, p. 2*^ ; PI. 1, fi|3. « nontv 
< Rnedemaim, BuU, & ew Torh StaAe Mm,, Xo. 49, p. 21 ; PI, f (1901), 

» Wilson, BuM. Geot, Burv, Gan,, No. 44, p. 27 ; PI V, figs. 15-18, (1926), 
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axe most prominent at the front, and t^ e decrease in size towards 
the cardinal angles which are hroadly rounded. There is a distinct, 
elongated spondylium and a median septum extending about half 
the length of the valve. This shell seems to resemble GarMTclla 
wlbortJii (Billings)^ of the Black River and Tienton limestones 
and especially 0. beUa Eeuton,^ of the Plattin limestone of Missouri, 
but is less globose than the former, and is more like 0. ^Jixnnsoni 
(Dav.) of the Craighead limestone^ and Keisley limestone.* 

Pfotocrisina cf. tlrichi^ Bassler. 

A fragment of a zoarium measuring about 12 mm. in length and 
8*6 mm. in width diows 10 — 11 sub-parallel, rather wavy branches 
of equal size, very rarely bifurcating, and bearing two rows of 
rather large zooecia, but it is not weU enough preserved to make 
out any details. We may compare it with Protocrisina 'idrichi, 
Bassler,® of the Kuckers shale, Esthonia. A species which is 
allied has been described by the present author from the 
Dufton shales of England as Grismdla [^ProfocrUindl mmanifi 

Rhinidictya cf. mvtahUis (Ulrich). 

Some of the impeifeel and fragmenuaiy casts (A. 486) of species 
of Wiiiiidtc.ya lesoja'^lc ix maiv lespects Rh. m ^tahiKs (Ulrich)* 
md fco a less oxteiiu Rh, (Elchv.)® Iiom the Ordovician 

(Trenton) ol the Uniiicd States and Russia. Our specimens of 
the type which is etter comparable with the former species consits 
of flattened, ribbon-like branches about 2*5 mm. in diameter, which 
bifurcate occasionally at about 30°^ — 15® and bear 5 — 7 longitudinal 
and diagonal rows of small, oval zooecia with rather thick walls 
which are granulosa. The edges of the branches are smooth and 
without zooecia. The total length of the largest fragmentary 
zoarium from Yeosin is about 25 — 30 mm. 

^ HaU and Garke, Pof., York, VIII, Brack., pfc. U, p. 319 ; PI. LXII, figs. 11-18. 

* Ponton. Amer, Midland Naturalist, 7ol. XI, p. 133 ; PI. Ill, I-I2, (1938). 

* Beed, Trana, Boy. Soc. Bdirtb., Vol. LT, pt. IV, p. 927 ; Pi. XXu, figs. 29-33, (1917). 

* Beed, Quart, Jomn. Qed, 8og,, Vol. LIII, p. 73, (1897). 

« Bassler, BuV, U, S, Nat, Mus„ TSTo. 77, p. 73 ; PI. XH ; and teicfc-figa. 18a-c, (1911). 

* Beed. GeoL Ma'f., Doc. V, VoL VH, p. 294 ; PI. XXECI, figs. 1-3, (1910). 

’ Ulricli, GeoL and Nat, JI?V. 8uarv, Minnesota, VoL III, pfc. I, p. 125 ; Pi. 6, figs, l-o, 
12, 1.3 ; PI. 7, figs. 10-23, 26-28 ; PI. 8, figs. 1-3, (1893). Bassler, op. cit., No. 77, p. 132 
to'rt-figs. 66a-e, (1911). ^ , 

8 Eiohwald, I^fcb. Boss., VoL I, p. 392 ; Pi. XXVT, figs lla, 6, (I860) Bassler, op 
Cit,, p. 133 ; fcexfc-figs. 57, 58, (1911). 
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lihinidklya oi nllidiOa (Billings). 

Amongst tlxo moiiy o{?m\ poorly portions ol branchos 

of s]) 0 (*ios ol iboio iw smno whicli may bo compared 

with jRJl iiitkhila from Aiii.ico^ti Island. But they arc 

too iinporf^ct for a prcciso clotorniimition. 

Plilodiclija sp. 

There is another biyo;^oan occniuug at Yeosin which may be 
refoivod to the gonna Ptiiodiciif\\ foe the zooocia are oblong in shape, 
closely placed and atrajigod in 6— C longitudinal rows on a flat, 
ribbon-liko, btidight's Ukibranched zoarium. Perhaps it is allied to 
Pi. gJadiola, Billings.® The geiuis has been ] revionsly recorded 
from the Upper Naungbangvl and ITwe Mawng beds.® 

Pachydictya sp. 

Poitions of the zoarium of some species of Pachydictya occur 
also at Yeosin. One flat fiond about C mm. wide, bihircating 
into rather naiiowei branches above, shows 5 — G subcircular, rather 
widely spaced zoacia having thick walls aid arranged across its 
surface rather irregularly in diagonal rows. The interspaces are 
covered sparsely with small grannies and pits {mesopores ?) and 
the margins of the branches are also granulated. P. Jlabdkm 
(Leucht.)^ may be allied. 


Primitia sp. 

Only a few imperfect, minute examples of this genus are 
preserved in the collection from Yoo&in, and it is not possible to 
determine their specific reference. 

Illrrnus sp. 

There is one imperfect head-shield (A. 4.88) of a species of 
Illwnus in the collection from Yeosin having the glabella and most 
of the left chcvk as well as the anterior portion of the cranidium 
preserved. The head-shield is semi-eUiptical in outline and con- 
vex, the anterior half in front of the glabella and the sides being 


^ T^penhofel, Mm. O^f^. 8uf o. Can., No. 151, p. 165 ; PL XIV, figs. 14, 15, (1928)* 
* Baesler, op. cit., p. 114 ; test-tig. 43, (1911L 
« Reed, Pal /«<?., N. 8., Vol. Yl, Mem. Ho. 1, p. 6, (1916). 

*Baseler, op. cit., p. 140 ; Pi* VII I, %. 1 ; tcxt-6g&. 63, 64. 
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strongly arclied clown. The gUbcUa, wliioli Lisa slight iudojiofulont 
convexity, is broad and more than half the width of tlie Iioad- 
shield and rather loss than half its length ; it is doiinod by ■well- 
marked, axial forro'ws which are deejiest at the base, nearly straight, 
converge slightly anteriorly and have then’ front ends scarcely 
evCTted. The feed cheeks are narrow, about one-foui'th the width 
of the glabella, and the eye is apparently situated at more than 
half its length and seems to have been small ; the posterior branch 
of the facial suture runs back to cut the posterior margin of the 
head-shield at an angle of 76° — 80°, while tho anterior branch 
curves out •widely. Tho surface ornament.', icii is not preserved. 

Dimemiom. 


Lengtii of cranidiom c. 21 mm. 

Width of oranidium at base o. 20 mm. 

Length of glabella . . • ... 14 mm. 

Width of glabella 10 mm. 


AJinUies. — It is difficult to determine the relations of this frag- 
mentary specimen, but lUaenm linnarasmi, Solm,^ is perhaps 
allied. 

Cafyocrimia of. turbo. Bather. 

One hexagonal plate of the calyx of a specks of Oaryocrims 
shows characters which suggest its comp.iiiaon with 0. turbo, Bather, ® 
from the Kaungkangyi beds of Sedaw. The tubercles are few 
and irregularly distributed. 

Garyoerinus sp., a. 

A regular, larger, pentagonal plate, measuring 14 mm. by 10'6 jniu. 
and showing 2 demirhombs, has tho tubercles on the surface more 
numerous than in the last mentioned form, and they are arranged 
in 1 — 4 straight hues of 4 — (>, forming a V sliaped design between 
tho radial ridges. 

Garyoerinus sp., b. 

A hexagonal, gently convex plate, measuring 16 mm. by 12’5 mm., 
has the spaces between the narrow radial ridges occupied by irre- 
gular, short, zouiuied, vmuuicuhite lugso and nodular swellings, and 

I Holm, Ber., Ostbalt. Silor. TiUob. Abt., Ill, Mm. dead. Imper. Sei. dt. PelertA. 
Ser. yn, Vol. XXIII, No. 8, p. 146 ; FI. X, tkg. 10-83, (1886). 

* Batibar. is Bead, Pal. Ini,, N. S., Tol. II, Mem. No. 3, y. 30 ; FL H, figs. 8-13, (1006). 
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the whole sarlace ia alao sprinklod with miaiite grauiiles. Bather 
(op. (it.) believes that the pLrfces ia. 0. lutbo were originally ‘ rather 
coarsely rugose or verjuiculate,’ Imt ihe speoiinens with which ho 
had to deal were all mudh worn on the suilaco. 

Chiaoid stem joiiito. 

Portions oC stems and isolated joints ol a orinoid show that 
the Htoms wore smooth and cylindrical with a large, five-rayed, 
central canal, the narrow arms of it reaching nearly to the periphery, 
and with the intervening areas radially and finely striated over 
their whole surface. 

Another type of stem is ponuagonal with projecting, ruurow, 
annular rings at definite intervals. 

A third type ol stem has a large, suhcirctilar canal with a 
marginal ring of coarse, radial grooves near the periphery. 

Favosites ? sp. 

A porliion of a small disciform coral measuring about 20 — 25 mm. 
in diameter is preserved as a cast and impression on the hack ol 
the piece of rock (A. 490) containing Fetroria cf. nigosa, Wilson. 
The basal, epitheoal plate is circnlar, flattened or slightly concave 
and marked with rather strong, concentric wxiuMes. The corallites. 
which ore only preserved as internal casts, have their sides exposed 
and consist of short cylindrical tubes of equal diameter, about 
8—9 occurring in a space of 5 mm. ; the middle tubes are the 
longest (about 2—3 mm.) as the surface of the corallum is gently 
convex; all are set at ri^t angles to the epithecal plate and hav<‘ 
rather thick walls, but they do not seem to be separated by a vesi- 
cular zone as in Lydlia nummdosa, Tw'onh.,^ and Pimeopora iirayi, 
lUih. and Nicn. moreover, they seem to show small connecting 
pores as in Favoaiies, ineguiaiiy distributed on the walls, so that 
we may probably rofor it to this genus. 

Dietyonema 1 sp. 

Small portions of a retioulate hydrozoon ? with irregularly radiat- 
ing, narrow branches forming rather large meshes of somewhat 

Mm. Qed. Siav. Can., No. 1S4, p. 135 ; PI. V, figs. 1>S, (1928). 

* Etheridge Hid Niohokoo, Mon. ^or. Foss. Oirvan, faso. 1, p. 54 ; PL HL figs. 3.3y, 
(1878). 
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unequal size and irregular rhomboidal shape, which measure 2 — 3 mm. 
in length and less in width, may possibly belong to some species 
of Dictyonema. JsTo differentiated dissepiments can be detected, 
and the structure of the branches cannot be distinguished, but the 
whole appearance of the fossil is that of an irregularly retiform, flat 
expansion. The generic reference is doubtful, but it may be men- 
tioned that Mansuy^ has figured a doubtful example of the genus 
Dictyonema from the Lower Falseozoio (OrdoviciaD ?) of Tonkin, 
which is somewhat like our fossil. 


Incertae sedis. 

There is one hollow impression of a body which seems to have 
had a transversely elliptical or semi-elliptical shape and a gentle 
convexity, but it is so distorted and broken that its origmal out- 
li iC is "uixertaii. The ornamentation of the surface is well preserved 
and of a peculiar character, consisting of a series of somewhat 
undulating, concentric rows of closely placed, circular to subquadran- 
gular pits of equal size over the outer marginal half, but the rows 
near the edge are composed of rather smaller pits. The rows are 
separated by about their own width and are mostly continuous, but 
here and there a shorter row is intercalated. The inner and middle 
j'art of the suiface which is preserved is covered with larger circular 
01 hexagonal pits closely but irregularly placed and not arranged in 
concentric rows, but a more regulai*, linear arrangement of smaller 
juDs prevails near the straight, inner margin. Unfortunately, the 
edges of the vrhole impression are irregularly broken and imper- 
fect, so that the true shape and outline of the organism are 
uncertain, but the left hand, anterior I margin has a definite curve 
to which the rows of pits are concentric, and it is only from the 
course of the other parts of the rows that we conclude the true 
outline was transversely semi-elliptical. From the straight inner 
(? posterior) margin there are distinct traces of two very short, 
parallel, longitudinal, rounded grooves marking off a median, ali^tly 
more convex, subcylindiical area which suggests a glabella of a 
bead-shield or the axial lobe of a pygidium of Illaenus* The 
basal comers of this * head-shield ’ are imperfect, but it seems to 
have measured about 20 mm. in length and 30 — 86 Tnnfi, in 


1 Manray, Mim. Serv, moL Jndo^Ohme, YoU III, fasc. 2, p. 69 ; K. VI, fig. 17 ; H. 
Yil, fig. 1, (1914). 
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width, and the ‘glaboilii’ has a widlh of about lO oiji. liut 
its true tcioronco is luoldfmituMl. 

Ub TlJij 

Fiom tho allinitios ol the uow species here cleseribed and ot 
those which are comparable or identical Avith crttaldibliod species 
from definite horizons elsewhere, wo are led to conclude that this 
fauna is oC Upper Ordovician age. h is, however, different fiom that 
of Bawzaing or Panghkaw, and contains very few species which 
can bo identified with those known froju the Lotv^er or Upper Naung- 
kangyi or Hwe Mawng beds of the i^oiiihcrn Shan States or the 
Ordovician of Yunnan. 

Wtdity (4) Twuuiu. 

There are six fragments of fossils from the reddish, crushed 
limestone (so-callcd ‘ Orbhoccras Limosbone ’) of this locality. Three 
of them belong to the same shell and are described below. The 
others (A. 497, A. 498, A. 499) are indeterminable and too poor 
for description, but may belong to Orthoceracones. The rook is 
probably of Ordovician age. 


Notes on the vossxls. 

Actinoceras sp. 

One large oithoccracone, with pa«t of both ends missing and 
binken into three pieces (A. 497), has faho iutorior almost entirely 
tilled with cr}^atallino calcite and the internal stmctui’os and shell 
ar(5 quite oldil enit<^d, exc(*pl in a Cow pLicos where the sopba tut* 
paitly ptescived and at the upper, weathered entl wliot-e the sipliuiicle 
xs setiii iu tniimvorse sccuou. The fcottd lenglh of the throe [mg- 
nients is about 180 mm., but whtiii perfect, the shell must have 
been considerably longer. In shape it is straight and cylindrical; 
tljO diameter at the upper end is about 25 mm. and at the lower 
end about 15 mm., so that the rate of tapering is about 1 in 18. The 
exfenox of the shell is not exposed, but was apparently smooth 
and Without annulations or longitudinal ribs. The specimen is 
split longitudinally but excentrically. The septa are rather deeply 
concave and widely separated, being about half the diameter apart, 
and bend np more steeply on one side than on the other to meet 
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the wall at a very acute angle. The ba-okon and weathered trans- 
verse, sub-circular section o£ the upper cud of the shell shows the 
circular endosiphunclc, which is only ono-seventh to one-eighth 
the diameter of the shell; it is somewhat oxcentrio in position, 
and it is surrounded by a large outer nummuloidal encircling tube 
(siphuncle) with ribbed or frilled (?) exterior at a distance of about 
twice its diameter. Prom these characters, we may probably 
assign the specimen to the genus Adinoceras or one of its allies,^ 
but the determination is doubi^ful. The septa are wider apart 
than in any of the species of Actitioceras described by Grabau ^ 
from the Ordovician of North China, and none of the species de- 
scribed by Kobayashi ® from Corea and Manchuria seem to be closely 
allied. It may belong to the genus Ornweeras, and the wider 
separation of the septa and their apparent obliq^uity seem to 
resemble 0. odandimm, Troedsson,^ from the Upper Bed Orthoceras 
Limestone of the Island of Oeland and 0. liohm, Troedsson,® from 
the Vaginatum limestone of Esthonia. However, on the whole, it 
appears to be more probably referable to some of Actinoceras 

such as A. bigshyi (Bronn) ® and A. saffordi, Poeiste and Teiohert^ 
of the American Ordovician. 


Locality (5) Hill behind Taunggyi. 

(K. 15. 124’). 

A few specimens were collected by Sir Henry Hayden in 1911 
from a locality thus described, but Dr. Coggin Brown informs 
me that he has not been able defijijtel\ to identify the locality. 
The horizon was recognised to be of Ordovician age, but 
the specimens have not pre\dously been described and are t£ 
sufficient interest to wanaut a few remarks, although they are 


^ Poerste, Bulk Pe7ii8o>i Unk\ Schni, TmI., Vol. XXiV, pp. 192-209, (1929) ; ihitU, 
Vol. XXV, pp. 201-290 ; Bis. XXVn-LlX, (1930). 

® Grahau, BcUaeont, Sinica^ Ser. B, Vol. t 1, pp. 70-89 ; P1&. VJI and VUl, (1922). 
*Koba 3 ashi, Japanese Jouvi, OeoL Qeogr., Vol. V, No, 4, pp. 191-202; Pis. XIX- 
XXll, (1920-271. u > 

* Treedsson, Mid. and Up. Crdo\ . Faunas* of Northern Greenland, MedJ, om Qr6n* 
land, LXXI, p. 105 ; PI. I-Xl, fig. 1 ; PI. LXH, fig. 4, (J926). 

« Ibid,, p. 106 ; Pi. LXI, fig. 2 ; PL LXII, figs. i-3. 

« Poerste, op. ctf., p. 231 ; PL XXVH, fig. l-A, B and C ; PI. XL, fig. 3 ; PL LVI, figs. 
2, 6 ; PL LIX, fig. 6, (1930). 

^ Registered noznber in the fossH collections of the OeolosiQal Survey of Ladia, 
Calcutta. 
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mosUy in a poor state of pieserration. They comprise the following 
identifiable fossils : — 

HijaMidina sp. 

Loaonetm sp. 

Phaeops sp. 


NoTKii ON THJa FOSSILS. 

HyatMdma sp. 

(PI. 3, figs. 17, 18 ?) 

There is one small internal oast of a gently oouvex, brachial 
valve measuring about 6*6 mm. in length, which has a lemark- 
ably conspicuous, thick, triangular hinge-pi tte divided into two 
triangular lobes by a iianow, median slit and provided with a pair 
of short, sharply pointed crura. A thick, median ridge starts from 
its base and rapidly becomes thin and faint in its course forwards 
nearly to the anterior margin ; postoiiorly, it separates a pair of 
smaU, narrow, deeply impressed, posteiior adductors and a pair of 
larger, oval, anterior adductors, from the front of which run out- 
wards and forwards a pair of long, narrow, strai^t, vascular '•inuses 
diverging at about 45“. 

This specimen much resembles a shell from tho Drummuck 
group of (firvan^ referred by the author to the genus Whi^uMeHa, 
hut it may belong to Dayia; the hinge-plate is, liowe, or, more like 
that of Hyattidina, especially resembling that of H. congesta 
(Conr.). ^ An example of thm genus has been described by ihe 
author from the Slade bods® of Haverfordwest as H. pentagomUs 
(Eeed), a species which typically occurs in the Keisley limestone,® 
and was first referred to tho genus Dayia, 

It is probable that the internal cast of a pediclc-valvo (fig. 18) 
of a Mualler shell, also from tho hill behind Taunggyi, belongs to 
tho same genus. This specimen, which measures about 4 ram. in 
length, is moderately convex with a somewhat pointed beak, from 
which proceed a pair of long, narorow, deeply impressed, divergent 
diductors, reaching fully three fourths the length of the shell and 

^ JRced, Trans, Say, Hoc. Edinb,, VoL LI, pi. IV, No. 26, p. 954 ; PI. XXIV, fig. 52, 
(1917). 

* HaU and Claxke, Palaoont. Nev York, VIH, Brack, li, p. 61 ; PI. XL, fig. 27. 

» Reed, Oeol. Mag,, Bee. V, Vol. H, p. 462 ; PI. XXIII, fig. 20, (1906). 

• Reed, Quart, Jaum, Geot, Boe,, Vol. LTU, p. 76 ; PI. VI, figs. 5, 5a, (1897). 



Taut 2.] 


CowpjfiR Rred : Lmee Palaeozoic Fossih. 


207 


diverging at about 36®. Between tbom, the shell is much thickened, 
especially in the fork. A pair of rather stout, short teeth are also 
present, and there is a narrow, submarginal, concentric thickening 
all round the valve. We may note that it bears a considerable 
resemblance to Cooper’s Cyclospira ? canadensis ^ from the Upper 
Ordovician of Quebec, the generic reference of which is doubtful. 

Loxo^iema sp. 

The impression of sis whorls of a long, slender, twi-ted gas- 
teropod measiuing abort 17 mm. in length indicates a shell of about 
10 — 12 whcrls when complete, and suggests Loxonenm striaimmau 
Salter, of the Keisley limestone K The whorls are convex, smooth, 
about IJ times as wide as long, and. slowly increase in ''ize from the 
apex; the suture liae is oblique to the axis and sunken. The 
apical angle must have been about 10®. The lowest whorl pre- 
served in our specimen measures about 6*6 mm. in diameter. There 
is no trace of a band as in Hormoto^na. 

Phacops sp. 

The iiupietbioi. of part of the eye of a Phacops^ shoAving some 
oi the Icnscb, is the only c-vidmee of the occurrence of this geniu? 


ii. Skt-URIAN. 

Localky (?) ilaSJ a west of ondge rcho-Na«nuoi 

iaili^vay oeclion. 

XOTES ON THE FOSSILS. 

Ortliis {Dalmandla) uansuyi^ JReed. 

Tliree small pieces of a fine-grained, biownish sandstone tend 
ing to have a flaggy fracture contain the impressions of several 
brachial and pedicle-valves of a small, subcircular species of OrQiis, 
averaging 6—7 mm. in length. It is not distinguishable from 
0. ihansuyi^ Reed,® described from the Panghsa-pye beds of the 
Northern Shan States, and seems to be allied to the common 

^ Cooper, Aimr, Journ, 8cu, VoL XX, p. 281 ; PI. II, figs. 7, S, (ISSO). 

* Eeea, op, cU,, p. 78 ; PL 6, (1897). 

3 Beed, PaL Jnd., S., VoL Yl, Menu No. 1, p. 78; PL :8; Sgs. 13-21, (1915). 



208 


Records of the Geological Survey of liid/ta. [ Vol. LXVI 


European 0. dcgmUula, Dahn. lutornal casts arc poor, but tlio 
external cluiractors and ribbing arc well <lispJayod in many ol tbo 
presonfc specimens, and as prev'iously remarked iu biro original 
description of the species, there is soia(3 variation in the ribbing. 


Procliis sp. 

The intern:;! cast of a snuiU, scmi-circular pygidium, measuring 
0 mm. in length and 11 nun. in ^ddth, Lus a stout, semi-cylindrical 
axis very slightly tapering to its bluntly rounded end, which touches 
or nearly touches the faint marginal groove that marks oSt th^? 
narrow, smooth, slightly raised border. The axis is annulated but 
owing to the destruction of much of its posterior surface, only 3 — i- 
rings on its anterior half can be seen. The axial furrows are deep ; 
the lateral lobes are weakly convex and show four pairs of pleurae 
ending at the border. We may refer this pygidium to the genus 
Proetus rather than to Portlockia or Acaste, but it is too imperfectly 
known for us to feel sure as to its affinities. 


Cyphasjgis of. cowoem, Corda. 

On one of the small pieces of rook containing specimens of 
Ofthis imnsuyi) there is a very small, imperfect free-cheek which 
suggests the trilobite from Tonkin compared by Mansuy^ with 
OypJiaspis convem, Corda. Our specimen has a ^ape indicating 
a somewhat subquadrate, roimded or semi-elliptical head-shield, for 
the outer edge of the free-cheek descends somewhat steeply from 
the rounded front to meet the posterior edge nearly at a right angle. 
There is a short, straight, tapering si)ine at the gonal angle, 
projecting outwards an<l baclcwards so as to make an obtuse angle 
with the outer o<Igo of the check. The narrow, lateral border is 
smooth and is sharply marked oil by a marginal fun*ow from the 
convex, swollen, granulated i surface of the cheek. The eye is 
situated at about half the length of the check, and the facial suture 
(so far as it is observable) agrees with that of OypJmpis. It is 
noticeable that the Indo-Chinese specimen figured by Mansuy occurs 
in Silurian beds associabed with the Burmese PL (Dalm.) 
Imgumtda^us var. oriefntalis^ Heed, which pcssibljr also occurs in these 
be<te from fleho (see below). 


^ Berp, QkxA* lindo-Okim ,yoL II, 5, p. 13 ; PL T, tig. 3, (1913). 
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Phacops {DalmanUes) ep. 

There is a portion of a tlio"*acic ring of a rather largo trilobitc 
on one of the pieces of rock containing Orlhis moisvyi, and along- 
side it there is the outer portion of a frce-cheek w’Lich may belong 
to the same species. The thoracic segment shows half of a gently 
rounded, axial ring and the inner part of the pleura which has 
a gently rounded surface traversed diagonally at a small angle to 
its anterior edge by a strong, straight, oblique, rounded, pleural 
furrow. Both the axis and pleura have their surface ornamented 
with small, rounded, spaisely distributed tubercles and a fine granu- 
lation. 

The portion of a free cheek has a flattened or gently convex, 
smooth border marked ofi by a strong furrow which sweeps round 
sharply at the geiul angle to meet the similar occipital furrow at 
about 45®. There is a strong genal spine, stout at the base, and 
curving back in direct continuation of the lateral edge of the cheek. 
The cheek itself seems to have its surface tuberculated like the 
thoracic segment. Probably both these fragments belong to some 
species of Phacops like Ph. (Dalmanites) longiemdf^tus var. 
orientalis^ Eeed,^ from the Namhsim sandstones < f Panghsa-pye 
and the Siluu'.an Tonkin.^ 


Locality (2) Loilem. 

Palaeocydm ? sp. 

One small piece of rock contains the internal cast of the calyx 
of a small, simple, circular, subdiscoidal coral measuring 8-0 — ^3*5 mm. 
in diameter and apparently only 1-6 — 2*0 mm. in heigkt. On 
this transverse section, which apparently represents the calyx, eighteen 
simple, straight, strong septa of equal ? length can be seen, not qmte 
reaching the centre, which is unoccupied by any columolla or other 
structure, being therefore represented in the cast by a small cir- 
cular plug. The generic reference of this small coral may possibly 
be PaliicocyclKSy and if so, the age of the rock is likely to be Silurian. 
But it is not like the coral Palieocycliis ? haimei^ Reed,® described 
by the author from the Paughsa-pye beds. 

1 Reed, PaL Ind,, N. S., Voi. 11, Mem. No. 3, p, 138; PI. VIIl, figs. 5-11, (ICUfi). 

s Man^uy, o/j. rtf,, p. 12 ; Pi. I, fig. 1, (1913). 

8 Reed, PaL Ind., N» S-, Vol. VI, Mem. No. 1, p. 71 ; PI. N, figs. 7-11, (1916). 



'10 Rficoid' iJie G(dlo(iir(iI of fi'du'. fVoL. TiyVl 

Lo:nHiy (3) Rand oavI ring Pi idaya b'ds to fji3 w jst 04 VV t3)va. 
(Oollootioii 1)v Y. P. Sondlii 
8. ]llonogifqifi''> ci'phm Lapw 

incommoim, T<it. 

„ sandasoni, Lapw. 

Orlhograptus vesicuhsiis, Nich. 

GUnmoograptus medius, Tqi. 

Glyptograpus tamaiifom, Nich. var. (large form 

or new vai.). 

K. 12. Monograplm cyphus, Lap'vr. 

„ incommodvs, Tqt. 

Oithogrwpim vesioiiJosm, NicL.. 

Glimacograptus medi/u', Tqt. 

, ? rectangvlam, His. 

>» ®P‘ 

Glyptograptm tamansGOS, Hich.. var. nwr'i"- (? lai^o 

var.). 

Mesograptus magnus ?? (too poorly preserved for 
certainty). 

According to Miss Elies, wlio las kindly identified tlier' 

‘•o^'CHnens for me, this assemblage of graptolites indicates the 
Monograpm cyphus zone, wkicli' bas been found previously in 
tbe Pangbsa-pye graptolite band in tbe Nortbern Sban States.’^ 
Two types of sbale oceitr in this collection from .rbove tbe Pindaya 
beds, one being a black sbalo, and tbe other a iwnk sbale, but tbe 
difference in colour is probably due to wpatbering, .ns in othei 
eluT.ictors .and content-, they ore similar. 


F.ocaliiy ( 1) PansjUkawicwo, nef'' I oilcin. 

(flypogr(tg>lm s&rrafus, Elies & Wootl 
Monograptus sedgmicM, McCoy. 

„ reguhris, Tomij. 

., dislans, Lapw. 

„ Idbiferus, McCtoy. 


Bflp4 Pat. M., N. S , Vol VI, Mem. No. 1, pp. 00, 37. 33, 9i. ‘>7, ( 191 >) 
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OUmacogroftus sodlans, Hie. 

Betidites ep. 

The lock in which these graptolites occur is a whitish shale 
and according to Mias Elies they indicate the zone of Monograptut 
sedgwield and, therefore, a hi^er horizon than that of the band 
overlying the Pindaya beds. This zone has not so far been found 
in the Northern Shan States. 

EXPLANATION OP PLATE 3- 

Pi". 1. Yeoaindla conaignata^ geu. et sp. nov. Internal cast of l>raoliu’ 
valvo. x3. Yeobin. (A. 484j 

„ la. Yeoaifiella co/iaignaia, gen. et sp. nov. Same specimen^ showing 
cardinal process, etc. x9. Yeosin. 

2. Yeoaindla eonaignata, gen. et sp. nov. Impression of exterior oi same 
braohial valve. x3. Yeosin. (A. 484) 
t, 3. LepkUoidea yeoainenaia, sp, nov. Internal oast of brachial vahe. x4. 
Yeosiar 

4. LepteHoidea yeoainepsia^ sp. nov. Internal cast of another brachial 

valve. X 6. Yeosin. 

„ 5. Leptelloidea yeoaineTiais^ sp. nov. Impression of exterior of pedicle*- 

valve. x4. Yeosin. 

, 6. / epielhidea yeosine^ms^ sp. nov. Impression of exterior ol brachial 

valve. X 4. Yectein. 

7. Orthis f Dah/t f lella) eyfl'tticipnUf sp. nov. Internal oast of brachic»J 
valve. X 4. Bawzaing. 

5. Orthis (Dalniauella) emantiputa, sp. nov. Internal cast of brachial 

valve. x4. ^lawzaing. 

, 9. Orthia (DalmanpUa) emattcipafa, sp. nov. Internal cast of pedicle-val% e. 

x3. ilawzaing. 

10. Orthia {DedmaveMa) einandpaki^ sp, nov. Internal cast of pedicle- va2\e. 
X 3. Bawzaing. 

„ 11. Ordiia {Dcdmandla) eynandpaki^ sp. nov. Internal cast of brachial 
valve, X 4. i ’awzaing. 

t, 12. Orthia (Dahnanella) emand/pata^ sp. nov. Impression of exterior of 
braohial valve. x4. BaW^aing. 

,, 13. Orthia {DedmaneUa) emandpata^ sp. nov. Impression of exterior of 
pedicle-valve. X 3. kjavrzaizig. 

„ 14. Orthia (DalmaneUa) emnudpata, sp. nov. Imptessiou of exterior ol 

surface showing nunuto nodules on ribs, x 5, Bavzain^'. 

Id. Ptychoglypfiia shanenaia^ sp. nov. Pedicle-valve. 4. Yeosin, 

„ 16. Petroria cf. ritgoaa, Wilson. Pedicle-valve. .\ 3. Yeosin. (A. 400.) 

„ 17. HyaUidina sp. Internal cast of brachial valve. 3^. Hill behind 
Taonggyi. (K. 15*124) 

,, 18. Hyattidina sp.? Internal east of pediole-valvo. ' X Hill behml 
Taunggyi. (K. 15*124) 
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L INTRODUCTION. 

Nanga Parbat- {36° 14^ : 74° 35'), elevation 26,620 feet, the cul- 
minating peak of the uorth-we«t Jiimalaya, rises in solitary eminence 

among the mountains of northern Ka^mir, none 

Nanga Parbat peak. ^ 

an altitude of more than 17,000 f<iet. Prom the point of view of 


1 This name is of Hindi derivation, meaning iTie bare wouniain, but the inhabitants ol 
tlie district (Dardistan) do not know it and call the mountain by its Dai cl name, ‘ Diamii*,’ 
or ‘ Deoimir,’ meaning the abode of fairies, A picturesque legend is associated with 
this name. The Dard legend is that there are a number of favour ed human beings at 
present living in the snows of Nanga Parbat, these being some hardy adventureis who had 
gone beyond ordinary limits, w'ere seen and liked hy the fairies and weie prevailed upon 
to stay with them. Ultimately they were wedded to the junior fairies of the Abode. 
1 w&s told that besides one or tw’o Dards and a few people from the Panjah, theie is at 
least one European, beloved of the faiiies, who is loacfing a happy semi-celestial life 
in the daz z ling snows of Nanga Parbat. Mountaineers whom the fairies do not hLe are 
turned book and, of course perish in the snows. 
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iiiomilaiii uiorpliology it is a peak oC arresting ^^‘ainieur, when 
poru]^ared with the shapeless ma'-s of rock and glacier such as Iv’^ 
(28/J50 feel), another giant of the north-west, or with the ‘ luin]/y 
tetrahorho. ’ of Mt. Everest itself (29,002 feet). Its southerii flank 
exposes a rock face whose buttressed cliSs, 12,000 feet hi^.h. 
pierce the sky alniosi; in one leap ; while the naked escarpments 
which face to the east are no less abrupt and majestic. Although 
Nanga Paxbat must be regarded as a portion of the Great 
Himalaya range, vet it is not on the watershed between the Indus 
a^^d the Jhelum, but stands out as a mighty spur to the noiipi. To 
the south and south-west, it presents stupendous, bare precipices o£ 
naked rock, but to the north the aspect is tame , though this 
flank ascends in one single stride 22,500 feet from the bed of the 
Indus tvithin barely 14 miles. 

This slope is concealed under nearly 100 squaie miles of uninter- 
rupted snow-fields, drained by a number of small glaciers, the three 
largest of which, on the southern and eastern faces, descend nearly 
8,000 feet below the snow-line. Of these the Tarshing and the Satshe 
descend close to the camping grounds of T<irshing hamlet (35 14 . 
74® 44') and Ramah (35® 21' : 74® 47'). 

3!. AlAPS AND LITERATURE. 

Xo good, recent, topographic niap& of tliis region exist, though 
the area is at present under suiwey and before long the beautifully 
executed modern maps, such as are now 
Topographic maps. j^dia, wiU become 

available. The onlj^ maps obtainable at present are (1) the J-inch 
sheet (43 I) ; and (2) the ^-hich sheet (43 a^y^ -gi) Northern 

and Trans-Erontier Survey. The former is based on old reconnaissance 
sur\'eys with inaccurate and sketchy topography, even in the broader 
features, while the contouring is conjectural ; in the latoi the 
broader details are well delineated, but the minor relief and 
relative altitudes are not represented. 

A very good account of the geography, physical aspects, ethnography, 
etc. of the ground (Dardistan) treated in this paper is given in 
h\ Dre\/s ^ Jummoo and Kashmir Territories," London, (1875). 

So far a;: the geology of the area is concerned, the greater p^t 
of CMlas is new ground to the Geological Survey, nothing having 
been published about it, although Lydekker 
Pieviousliteratoe. depicted the summit portion of Nanga 
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Parbat as " Arcbaean and MetamoipMc Panjal ’ in Ids map (1 iiich=: 

16 miles) publisbed in 1883 in the Memoirs of the Geological Survey 
of India, Volume XXII, He, how^ever, gives no account of the rocl^s 
nor of any other geological features of the mountain nor of the 
adjoining areas of Chilas and Gilgit. In an earlier paper in the 
Pecords,^ he describes the gneiss of Astor and of the districts cast 
of it and classifies it into ‘ primary gneiss ’ and ‘ Silurian gneiss ’ ; 
in the latter gneiss he includes all the large cpidiorite intrusions. 
No geologist has been in this area since Lydekker’s day. 

In his important expedition to the Karakoram gla'i^rs in 1892,2 
Mr. Martin Conway (now Lord Conway) made a c*o11ectio]i of the 
rock-types on the route of the traverse. These rock-collections, 
which included seveial types from the Cilgit arcii, wore btudied by 
Prof. T. G. Bonnoy and a petrological account whs published m llie 
Pro* /Codings of tlie Royal Society in 1891.® 

In 1900, Gen. 0. A. McMahon described a number of rock speci- 
mens, collected from various parts of Gilgit, Hunza and southern 
Pamirs, Yasin, etc., by his son Capt. McMahon and Capt J. R. 
Roberts.'^ Gen. McMabon had no opportunity of visiting the region 
co\ered by his paper and his descriptions pertain to the different 
rock-types occurring in the area, without reference to their geological 
and field relations. Nevertheless, he has made some shrewd observations 
on the character and distribution of the main varieties of granitoid 
gneisses of this area, which are a considerable improvement on 
Lydekker’s ideas. 

In 1914, Sir Henry Hayden, during his traverse to the Pamirs, 
passed through Gilgit, ma CShitral, just touching the uorthern border 
of the area treated in the present paper. He has given a description 
of the rock-groups he encountered on his way from Oiipis to 
Gilgit.® 

^5ec, GeoL Surv. Ind.^ XTV, p. 4, (1881). 

* W. Martin Conway : * Clintbing and Exploration in the Karakoran-Hiiaalayas*, 
Xiondoa ; and Vol. n, SdontiSc Beports, p. 41, (1894). 

^Ptoc. B(yg. 8oc., Vol. LV, p. 4:68, (1894). 

• Quart. J<mn. Oeol. 8oc., Vol. LVI, pp. 337-367, (1900). 

Geol. 8urv. Ind.^ XLV, p. 297, (1915). Hayden’s description of the locks 
oocurring to the north-west of Qilgit is as follows * The Daetamorphio WMies oonsl^lillg 
of 'Crystalline limestone, oalo-sohists, calc-gnoisaes, quartzites and amphibulito&conlinno 
all the way to Qilgit penetrated by, and sometimes giving place to, great mass os of gianite’. 
This dfisodptum would apply equaUyweU to l^&lkhaia]H»ks (p, 218 itsog) immed- 
iately to ihe south-east of G%it^ 
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III. PHYSICAL ASPECTS. 

A profile section tkrougli JTanga Parbat in any direction reveals 
SL depth of dissection into the surface of the earth’s crust that can 
^ ^ but rarely be equalled in any other mountain 

region. The depth of vertical relief of the 
ground reaches the extraordinary total of miles mthin a relatively 
short horizontal distance. To the north, the ground level falls from 
26,600 feet to below 3,500 feet at the Indus bed near Drang (35° 24' : 
74° 26'), a radial distance of 14| miles. To the west, it foils 20,600 
feet in 17 miles ; to the south, 20,000 feet in 31 miles and to the east, 
within 14 miles there is a drop of 19,600 feet to the Astor gorge. 
Nor do these figures express the maximum relief; for, within the 
main declivities on all sides, there are numerous abrupt scarps, deep 
gorges and basins of from 5,000 to 10,000 feet relief, which again 
and again break the main fall. 

The Nanga Parbat mountain mass, the central and most 
commanding feature of the whole district, is, above 15,000 feet level, 
almost inaccessible to single field geologists, unequipped with 
elaborate mountaineering outfit, parties of carriers, etc. The wall- 
like precipices of the south, rising sheer 12,000 to 13,000 feet from 
the Rupal valley beneath, carry in their ledges and recesses numerous 

„ « . . .. small hangiim glaciers. The ever-present 

Nanga Parbat massif. , x i t. f xi.- x n 

danger from avalanches from this face, as well 

as the unrelieved snow-cap on the north face, alike forbid approach. 

The southern side of the mountain, from the base to the Mazeno 

pass (17,925 feet ; 36° 12' : 74° 29'), leading to the Bunar valley in 

Chilas, lies concealed under a mantle of talus and moraine deposits. 

Enormous stretches of moraines, consisting of angular blocks of all 

sizes up to 100 feet diameter, surround the mountain on all sides, 

and these, together with the fresh, frost-bitten debris, continually 

shed from the higher crags and hurled down by avalanches, provide 

at places the only material for the investigation of the geological 

composition of the mountain above the snow-line. The uniformity 

that prevails in these extensive moraine and scree deposits on every 

side of the mountain and the constant, unvarying association of the 

few petrographic types present at every point where the moraines 

have been examin^ by me, constitute good positive evidence 

regarding the essential rock-constituents of the higher parts of the 

mountain, though obviously such evidence is not capable of 

application in a negative sense. Good natural sections, revealing the 
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zoological* {struct uj’c as woU us comi)ositiou of Nanga Tarhot, occur 
below tlio snow-line aiul arc accessible from the village of Tarsliiiig 
(Tasliina on tlio iQai>). Discoiiiinuous patclics of bare rock occur 
along ilic wliolc length of the llupal valley, botvvwii I’aisliiDi* and 
the Toslia group of peaks (35° 10'; 2()'). To tli(' north, the 

naked cliffs, overlianguig various parks of the streams tiibutary to 
the Indus, along the road to (liilas, alford many good exposures and 
sections. To the nortb-wost and iii'rtb-east, this region falls 
precipitously to the deep deiile of the Indus, rising again as steeply but 
to a much less total altitude, to the mountains 
c surrounding parib, Harpai, These mountains lie 

wilhin tiu' trans-Tlimalayan desert zone and are utterly sterile and 
forbitkling; but tlioir geological structure is laid bare in a iiuin]>er of 
wcU-evposed scaips and cliffs. Similar is the cas(* with the giound 
to the south of the Nanga Parbat w^here, though the 

naountains are qiiite uninhabited and ]mss(‘ss an exceedingly high relief, 
geological fiohl work is faced with no gri^al dittioulties, owing to the 
elaiity and ]uofusi<m of good voek exposures. 

Ph}siogiaphically, the Indus basin of tlilgit belongs to the Central 
xVsian desert belt. It is a sterile and inhospital le expanse of rock- 
desert, devoid of soil, but covered under a drab regolith of itb own 
scree materials. 


Main Utholovicai units. 


IV. OEOLOaiCAL COMPOSITION. 

From the point of view of geological composition, the following 
lithological elements have been distinguished in the Nanga Parbat 
area, comprised betw^een Chilas on the west 
and Astor and Bunji (Bawanji) on the east: — 
(1) Biotitc-giuuss composing the Nanga Parbat massif, vid* H. 
gmniiic intiusJons ; (2) the Salkhala series (prc-Cambiian) ('onstiliilinc 
the area to the south of about latitude 35° 13' ; (3) a ciystalliia* 
complex showing an intimate association, in variable proportion, (d 
the ueeiss and Salkhala series, surrounding the central gneiss numij ; 
(4) masses of black basic igneous rocks intrusive into the fonn(*i* 
units, occupying extensive ground to the north and east of th<‘ Indus. 
Besides these elements, in the northern corner of the map, just to tLt» 
south and W’est of the Gilgit group of hamlets, there occurs a patch of 
metamorphosed Dogra slate. 

(a) Gnem of Nanya Parbat ; Type areas — Nanga Parbat mountain ; 
Hattu Pir ; Bunji ; aJ3d eastern slopes of Bunar valley. - The geology 
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of Nanga Parbat proper is foimd to bo, considered broadly, rathei 
sunple. The moimtaiii-inass with its group of satellite peaks, io 
composed almost entirely of fine-grained, thinly-foliated, much- 
contorted, streaky, or slaty biotite-gneiss, with subordinate inter- 
stratifications of coarsely reccystalUsed marble, calciphyre, calc- 
schists, banded granulitos, and garnetiferous mica-, graphite-, and 
actinolite-schibts. The whole assemblage, in spite of a considerable 
amoimt of crumpling, is tinely and uniformly laminated, having 
a persistent regional dip to the north-west. The general strike of the 
foliation is, except for local variations, consistently N.B. -S.W., 
from Babusar (35^ 13' : 74^ 4') in Chilas to Bimji (35® 40' : 74® 37') 
on the Indus, a distance of 60 imles. This is also the evident grain 
of the mountains from Hazara, all through eastern Cuilas, to Eondu 
in Baltistan. The biotite-gneiss and schists are extensively traversed 
by acid and ba^io igneous intrusions ; the latter are less voluminous 
but to them belong the ubiquitous black dolerite masses, now- 
represented by widely distributed sheets and lenses of massiv** 
epidiorite, amphibolite and hornblende-schist. Due to the prevailing 
tectonic stresses, these basic injected masses have also assumed 
stratiform shapes, being drawn out into elongated sills, lenses 
and phacolites, closely interfoHated with the gneisses and schists 
and obeying the same regional atrike. The acid intrusions are 
of two types and are of considerable dimensions, (1) the gneisic 
granite belonging to the Himalayan ' C'entral gneiss* and (2) 
a finer grained hornblende-granite belonging to a later intrusive 
phase. 

It should be mentioned here that the biotite-gneiss, which 
constitutes the higlier portion of Nanga Parbat, is in fact a folmfced 
^ ^ . granite (biotite-granito) which has intruded 

and * Central gneiss.’ the gneiss of the Nanga Parbat 

Tliis granite belongs to the type of gneissic 
granite which occiu^ so largely in the central and north-western 
Himalaya and which, on account of the axial position, was desig- 
nated by 'Stoliezka ^ ' Central gneiss.* Alike in composition 

and petrographic facies, this gn ‘issie granite is different from 
the gneiss of Nanga Parbat (probably a paragneiss), into which 
it is injected, thouglx at some places the two rooks liave a strong 
external resemblance, both having tire aspect of a thinly foliated 
biotiie -gneiss. The ‘Central gneiss* is very prevalent in the Kislicn- 

» Uem, OboI, 3uro. J/iJ.. V, p. 15, (1800). 
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ganga valley to the south of the Barai pass (36*^ 4' : 74*^ 17') and 
in the upper Kaglian valley. 

From an examination of a large number of specimens of th(‘ 
biofife-gneias of Naiiga Parbat, collected from numerous localities 

A ard'uriss distributed over the lowtr north-west 'rn and 
pard^iniss. south-east. rji slopes of the mountain, the present 

writer cntcitains no serious doubt that the bulk of the slaty, contorted 
gneiss is a para-gneiss, a transformation product of a highly charac- 
teristic group of pre-Cambiian sediments, with a notable calcareous 
and carbonaceous content, wliich he lias distinguished over wide 
areas in llazaia and noith-western Kashmir under the name of the 
Salkhala seiies.^ AVith this gneiss are associated mixed or composite 
gneisses produced by the lil-par-lit injection and permeation of true 
gianites of the ‘Central gneiss’ type, thus forming a complex 
in which the constituent elements are impossible of separation. The 
last-named element predominates in the higher parts of the mawf 
for, in the moiuine bloclcs that have come from elevations over 
20,000 feet, the prevalent rock is a more monotonous, foliated 
and crumpled biotite-granite, with scarcely any calcareous bands. 
This is clearly seen from the detritus carried on some of the trans^ 
verse glaciers, tributary to the main Rupal staream, which reach 
back to the cliffs immediately below the hi^st peaks. These 
moraines, unmingled with any debris from the sides, are the scree 
from the summit of Kanga Parbat, whose composition it is thus 
possible to ascertain with a fair amount of certainty. The examina- 
tion of this gneiss proves it to be of a pale-coloured, thinly foliated, 
felspathic granite, although but little different in aspect from the 
gneiss of lower levels. This gneiss is without any marked stratification. 
The summit region of Nanga Parbat is fully exposed to view to 
one standing on Ihe narrow ridgo between the Chbchi ravme and 
the Rupal basin and can be seen with field-glasses on a clear day 
when the top of the mountain is free from the usual enveloping 
mist. 


{b) SaWiala saies : Type area— south of Nanga Parbat. Also 
south of Babusar ; Kattu ; and the mountain north of Thalichi. 
Pre-Cambrian sediments. In its typical facies this series of rocks 
consists of highly metamorphosed slates and 

eieok Ird, p. 100, (1931). 
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phyllites, with prominent carbonaceous and graphitic bands, inter- 
stratified with carbonaceous limestones and marble, often dolomitie, 
and associated with qnartzites and quartz-, mica-, chlorite- and talc- 
schists. Its lithological resemblance to the Jutogh series of the 
Simla hills is \eiT close, the resemblance also extenoing to the fact 
that these rocks constitute the oldest sedimentary formation of the 
area, the basement of all subsequent rock-systems. Its age is pre- 
Cambrian, being definitely pre-Dogra slate (Attock slate), occurring 
as a rule in much-disturbed inliers in the latter and showing a 
distinctly higher grade of regional metamorphism. 

Previous field work in the Kishenganga valley to the south and 
in the Kaghaii basin to the south-west of Nanga Parbat, had esta- 
blished the occurrence of the Salkhala series, of a moderate grade 
of metamorphism, as the country-rock of the entire district from 
south Chilas in the north-west to Guxez (Gtrrais) in the east. 

While the characteristic elements of Salkhala lithology are easily 
recognised below a level of 10,006 feet all along the foot of Nanga 
Parbat, at higher altitudes the calcareous 
graphitic bands become distinctly scarcear, 
the schists turn more micaceous, and the impure 
maible-beds become converted into richly gametiferous calc-gneiss, as 
is observed on the slopes above Tarshing and Leychar (36° 31' : 
74° 38'), and in the Bunar valley to the west. The purer and coarser 
grained marbles alone preserve their identity and remain recognisable, 
though these are also crowded vith newly crystallised calc-silicates, e,g., 
tremolitic amf hibole, scapolite, idocrase, forsterite, paragonite, 

epidote, etc. A pearly brown mica (paragonite) is a highly 
conspicuous ingredient of the altered c^caxeous sediments. The 
slaty and phylUtic constituents axe replaced by pale-coloured, rather 
highly felspathic, banded, biotite-gneiss of grey, brown, red, or purple 
tints, locally crowded with garnets of the size of peas, or even at 
times of cherries. Hornblende-gneiss is rare in this part, thou^ 
hornblende occurs locally with biotite. Some of tiie interbedded 
biotite-schists, besides containing garnets, occasionally cany small 
crystals of sillimanite and kyanite. 

Proceeding, on Ihe other hand, in an opposite direction, t.€., 
south-east from Tarshing, across the main strike of the rocks, a 
distinct decrease in the degree of metamorpidsm becomes perceptible 
near Eattu (36° 8': 74° 49^), and rocks of iypical Salihak facies 
emerge from the monotonous gneissic complex. The number, as 
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well as the volume of the acid aad basic injections, steadily decreases 
south-eastwards, and at the crossing of the (iroat liiiualaya range, 
by the Kamri Bal pass (31" 48': 74" Oli') on the Gilgh-Srinagur road, 
and the various other passes leading Lo Uliilas Irom the Ivisheti- 
ganga basin, the normal iacies of the Salkhala series is restorotl, the 
facies which prevails over wide areas in the basins of the upper 
Kiskenganga and Kunhar valleys, 

(c) Zone of mxed i^alkhula and yneissi,G rocks : Type area —an 
ellipse surrounding Xanga Paxbat, prolonged northwards to Uilgit. \t 
the head of the Xaghan valley, the Salkhalis 

iaUr&jJaeJ >ineiss consisting of a series of alternating strata of 

a.U balklial i rocks. ; ■ , i- i* . i • ii i 

tninly-loliated gneiss, with marble, calc-granuhtes, 

garnetiferous graphite-schists, etc.) show a progressive increase 
in metamorphism, ultimate ly grading into the central gaeissic complex 
of the Nanga farhat tuassijt the change being so transitional as 
to make the drawing of a geological boundary line diiiioult. In 
the accompanying map (i^lute 7) an attempt is made to illustrate 
this change of rock-type and the disposition of che metamorphosed 
zones relative to each other, but the held work in this part has not 
been of such a character as to warrant the drawing of exa^ boundary- 
lines between them. The main Salkhala outcrop of the south is 
divisible into two parts, marked by diiierent degrees of association 
with gneiss. In tho west, or Babusar — Gittidas area, the gneiss is 
subordinate to the Salkhalas, wtiile m the eastern part, i.e., in the 
Astor valley, the association of the gneiss and schists with tho less- 
altered sediments has become closer and the acoompan} ing motamorph- 
ism of a higher grade, though enough of the essential sedimentary 
nature of the rocks, is yet evident to waixant the designation of tins 
outcrop still by the name of fcJalkhala. In the north-casteily prolong- 
ation of these two arms of the main outcrop, siong the regional 
towards the Indus, a marked change becomes perceptible near tipper 
Babusac in the former arm, and near Uarhkot (35" 15': 74" 47') 
in the latter, tho gneiss becoming tho predoininant rock ciejiLout 
in tho complex (of the character and composition desoiibed above). 
As if like small islands or archipelagoes in a sea of gneiss, are to be 
ob.^erved, at nearly all parts of the coarse of this band, wisps or 
shreds of Balkhala sediments that have withstood or escaped the 
prevailing gneissiheation. This gneissilied tialklnila rock is seen 
in a broad elliptical rim round the central crystalline mass of Nanga 
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Parbat.^ The rim ol the elli]w contiiuiod in a X.N.li. direction 
))eyon(l and Biinji towards and Itondii. above 

noted, the higher and central paru of the Xanga Parhat .//asa?/ 
is more exclusively constituted of gneiss, and though it is probable 
that portions of it are only more intensely altered sediments of 
Salldrala age, the greater portion of it is more proba])ly an ortho- 
gneiss or foliated granite, the Himahiyaii " Uejitral gnehs intruded 
into the former at a later age. It is, however, ebpecially along its 
p(-iipliery. so intimately associated with the former that it woidd 
be more correct to designate much of the resulting compound as 
injection gneiss or pemeaiion gneiss.^ 

The fact that the metamorphisin oi the Salkhala sediments is 
of a differential or patchy nature is well borne out by the observation 
of patches of comparatively little altered marble, graphite-slate and 
phyllite which occur outside the ellipse, to the north of the Indus. 
The largest of these is the mass of bedded and highly contorted 
marble and slate which occupies a eommandiiig line of gauiit, tortuous 
cliffs over-hanging the Indus bed on the right bant and extending 
from north of Thalichi (36® 36' : 74° 37') to near Bargin (35° 40' : 74° 
35'). 

(d) Add and basic igneous intr>*sions : The whole area under 
description is characterised by widesi»read injections of acid 
^ . plutonic and basic plutonic and hypabvssal rocks. 

The acid intrusions. ^ 

The acid plutonic intrusions are : — (1) the 
Himalayan ‘ Central gneiss ’ of the usual facies recognised in the 
poJijli}Titk, biotitic gneissic granite masses so common in the Parana 
and crystalline belt of the Himalaya from Garhwal to Chitral. This 
gneissic granite, often tourmaline-bearing, with pegmatitic apophyses, 
has been frequently described (2) a fine-grained hornblende-granite 
of white, or pale grey colour, rather rich in spheue, occurs in the 
Burzil, Chillum (35° 5' : 75° 6') and Gilgit valley tracts in a series 
of discontinuous masses, penetrating the drab or dark coloured 

1 For Lho method of repie enting these peculiar • mixed gneiss and pediineniH ’ zones 
on the aeeompan>ii^ map, 1 am indebted to Ih. L. li’ormoi. The method that lie 
^lliigl-•slcd has, besidea dopioUng the aetual faets obtcixed in the field in a 
>u tuner, lovcdled Uie tectonic stnho very clearly on the map. 

^Tlietse teinia are used liere in tho sense in wliieh the> aie deJined b> Ur. 11. H. lloud 
in hU ‘ Ucology of Central Sutherland,’ Him, (J(oh AV/rr. tSafla/td, pp. lib- 120, (19^1). 

Miin, (JeoL Hitrv. ImL, XXUf p, Mki, (1883); op, u/.* XXM, p. Oi, 
o/.ei7.,ljl, p. 223)(l92S) ;aiid LIU, p. n2, (1928). Jitc, ihd, Hmv, XXI, p. ICO, 
(Ibbb). 
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prevalent basement rocks of tie conntry, as well as the doleritc 
and epidiorit(‘ desoribod below. 

North of Bimji, along both banks of the Indus, injections of 
granite- veins in the epidiorites give a naisloading appearance of 
stratification to the rocks. Though generally intersecting and form- 
ing an intricate network, the larger veins have a dominant E.N.E. — • 
W.S.W. strike direction with a prevalent nortli-westerly dip. These 
veins are sometimes of a pegmatitic nature with crystals of muscovite 
and biotitc foia* to inches across. 

The dolerite intiusions of Astor, and of the Indus valley to the 

north and east of Nanga Parbat, occupy an enormous surface extent 

^ ... and are of mountainous dimensions, being 

Doleritic intrusions. i -i • i -r • • 

sevf ral miles in length and width, occurring as 

bathyliths and stocks of a black-green, structureless rock of forbidding 
aspect, thrust into th** grey or white biotite-gneiss. Smaller intrus- 
ions in the form of dykes and stocks are ubiquitous. The intrusive 
contacts at some jilacos are sharp and well-defined, with anastom- 
osing veins of the one rock ramifying through the other, or with 
alternating sheets of gneiss and dolerite ; at other localities, consider- 
able amounts <*f mixture or incorporation of the two rocks has taken 
place, resulting in a compound or hybrid-rock, occupying a fairly 
wide belt of intermediate composition at the plane of contact. The 
latter phenomenon is well observed along the road descending the 
Babusar pass to the viHago of Babusar for a distance of about two 
miles. On the other hand, in sections exposed between Astor 
(35® 2V : 71° 52') and Tarshing, as well as near Chilluin, Dashkin 
(35° 27' : 71° 47'), and Doyan (35° 33' ; 74° 42'), all localities situated 
either along or not much removed from the main Kashmir-Gilgit 
road, the two rocks show complete immiseibilily and preserve their 
identity intact in even the smaller veias and ramifications. At 
those sites, intricate black-and-white mosaic patterns are not in- 
frequently seen on exposed surfaces of rocks. 

The original dolorites of the Nanga Parhat region are, in the 
majority of cases, if not invarLably, uralitised to a black, lustrous 
horublende-rock with stout prisms of hornblende, 
^ ’ sometimes two to four inches long, largely replacing 

the original augitc. At times, the rock has a dioritio aspect with 
the normal content of white or grey plagioolase felspar, but often 
it has a higher basicity approaching, in the end product, an amphi- 
bolite in composition. A few occurrences of uralitised pyroxenite 
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have ]>oen noted, in w-liich about one-third of the original augite 
is }'ot unaltered. Locally, the hoiiiblendite is found to be serpentin- 
ised in large masses ; this is the case with the ultra-basic segregations 
(originally picrite and pyroxenite) of the doleritic magma. Such 
segregations occur sporadically all round Nanga Parbat, those of 
Godai (35® 11' : 74® 56'), Khakan (35® 7': 75® 5'), and Pashwari (34® 
46' : 75® 2') on the road to the Burzil pass (34® 63' : 75® 6'), and of 
Chcchri (34® 55' : 74® 54') and Babusar (35® 10®: 74® 3') being the 
most conspicuous. At the three last-named localities, a handsome 
dark-green serpentine of oily lustre crops out close to the road 
section, its debris streuing the country-side. 

As differentiation-products in the dolerite intrusions, small stocks, 
plugs and siHs of uralitised gabbro, together with its modifications 
norite and pyroxenite, arc met with. There are no peridotites nor 
dunites, olivine having, so far, not been observed as a prominent 
mafic constituent in the Nanga Parbat area. The serpentines are 
in all cases the result of the alteration of pyroxenites and not of 
dunites. 

Field work, as well as study under the microscope, has shown that 
the intrusive dolerites bear close petrographic resemblance and 
magmatic relationship to the Panjal trap lava- 
wl?h”panjai^^apsl*^” flows. Near Chechri, 23 miles south-east of 
the peak of Nanga Parbat, a definite genetic 
connoction cjn l/C traced in a southward direction from the hypa- 
by&sal dolerite dykes and stocks to the surface volcanic lava-flows, 
ash-beds, and agglomerates of the Panjal volcanic series on the one 
hand and into the extensive basic bathyliths of the Battu area 
(which continue further northward in a line of black mountains 
as far as Rondu) on the other.^ 

Mention may be made here that the numerous dolerite dykes 
injected into the Silurian and older Palaeozoic rooks of Lolab and 
Hundwara district, to the south of the present area, have also been 
traced into genetic connection with the amygdaloidal lava-flows of 
the Panjal trap series. 

So far as it is possible to judge from field evidence, the basic 


rocks of this area all belong to one intrusive phase, namely,, the one 


of tlie intrusions. 


connected with the great Upper Carboniferous 
and Permian volcanic period in Kashmir, when 


^ A sijQiiiar genetic connection has been obserred between the basic plutomo and 
hypabysbal intzusires and surface volcanic Sows belonging to the same stsatagra^hic 
series in the Pir Panjal range, twfe : Mem. Qea^. Snrv. LI, pp. 103 and 220» 
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some tliousmidrt of sqiuiro miles o£ Kashmir was flooded with b«asa.Uic 
lava eruptions. The iiltra-I»a.sie rotiLs are only sojycrouation-produots 
and do noL i<»pros<‘nfc a M^paralo <'i‘uptivi' phase. 

The aoid inirusiojm, on the other hand, belong to two distinel 
periods and ar<‘ more or less deJinit(‘1y dated, ilui oik* beiiig post- 
Dogra slat<*i, the oth<‘r post- Pan jal -trap. To 

thrh!rKde^?M»e! ‘ 8«'-''RS ’ bodies 

])rotrnding through thii Salkhalas and Dogra 
slate of Kaghan and the crystalliiie tracts of the Kishonganga. In 
the present area, they are not so conspicuous by reason of the host 
itself being a gneiss (instead of being a politic foundation as in 
tlio previous case) though probably the volume of the acid in- 
Lmsives hero is no less than in the former areas. The white 
tourmalinc-gianitc of Nanga Par bat and Hie pogmatite veins of the 
surrounding parts are poriphertil poi*tioiis of this system of ma-si\i*, 
ba Hiylil h ie injections. 

The following acid iutruhions are Jjost-Panjal trap In age. The 
hornblende-granite^ meiitioned on p. 221, is clearly lat(T than the 
doleribe and cpidiorite masses through which it pierces. The most 
important observation in this connection is the prominent mass 
of this granite which has cut through the bedding-planes of ash-bods 
and lava-sheets of the Panjal trap series one mile north-ea^l of 
the Kalapani rest house (34° 62' : 74° 64') on the road to Kamri 
Bal pass (34° 48' : 74° 56'), Smaller bodies of the same granite 
occur further south-eastwards, the one to the north of Minimarg 
(34° 49' : 75° 6') brdag the most coubpiciioub and typical of the 

rose. 'To the south of the Bur?il (Dorikun) pass, scoriaceous and 

aniygdaloidal doleritic rock Is associat'd vuth horubhmde graiiiLt'. 

The ground, however, is here too much covered with snov and 

(dear intrusive relations arc not pcrcoj)tiblo. 

Tlie order of intrusion of the plutonic iguoouH rocks in the pn'scuit 
area is thus inferable' on fairly trustworthy evidcaice. It may bo 
stated as follows : - 


(3) lloruLlendc-gr‘,inite.--rost-Pcrmian age ; 

(2) Dolerite, gal>bro and j.yroxenite. — Post-Oarbouiferous 
(1) Himalayan ‘Central gneiss’. Post-Dogra slate; probably 
mufjh newer in age. 


5 Tho e7i<lwK'(» from in trubive cont. ii U obtained from oroaH, Iidwovct, 

indU'aU*H a conjidwMbly yoiiiigt-r for the ‘0(^0 ral gu(‘irt» ’. 

* In its iK*trogiupbio chaiMTterH, as lhi» boon by l>r. A. M. K<*ron* tliis 

groaiio is very liLe ihb p<jrtl*Jura.sac, or probably Uie, or posb-Eotvun grauUo of the 
llvsrest region. 
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((’) Metamo/yhoscd Dogni ylatc : No outcro]) of tlio Dogra slato 
S(Ties hiifa boon iioleci in tlio ClxildB area. TIlo extensive (.levelox)ment 

of 1-liis form‘ition ^ in the noi*th-\ves1) })order 

Slatc-built hills. ^ i’- t. • n i -l-tj. j.* 

ranges of Kagnan, m all pioliability contiiinos 

in a N.N.E. direction through Uarel and Chiruband tribal tcrritorv. 

The only occurrenc*' of this soricb in the tenitor}’' cover(»d by the nnip 

aeeouipanying this i-^aper is a few square miles ol metamor 2 )hosod 

slaTe-built mountains to the south and west of Gilgit. The 

monotonous composition of tho^e well defined, Unear ranges (consisting 

of thinly cleaved aigillaceous slates, phyllites and fine biotite-schists), 

lacking any calcareous or carbonaceous contents, and without the 

usual suite of secondart’ minerals, is a ready means of distinction from 

Ihe more snsccptihle and brnTo^LiiLons SaUchalas. The phyllites 

and slaty s(hists are interleaved by granite veins and sills. These 

hills ne. r Gilgit are all tectonic ranges, as often before observed 

dining work in neighbouring regions (op, cit., p. 202). The Dogra 

slate outcrop of Gilgit a]>peath io Ik? of a restricted natine for, from 

the brii f petrogra]>bi<'al aceoimt vrhicJi Hayden has rocorrlod of the 

rock gi*oups traversed by him on liip w^ay from < TU]>is to Hunza via 

Gilgit, it appears that Ike wl oh* auM 1o tin* north of (Ulgit is 

again com})- -ed of undoubted balkltalas, consisting of schists 

intercalated with marble, cilc kTanubtes, e.dc-gnciss, etc.- 

(j) tivh-}€cent dq>05t7s : The sub-recnit jlbivkl, glacial and sub- 
aeikl deposits of this area deseiwe notice both on accoimt of their 
magnitude and the sligiit auriferous content 
dcposul! *^***^ ^^ ^***^**^ which they havt* 1 eon noted since veij" early 
times. The Recent and Pleistocene sub-aerial 
aJIuvuiimaud scr(*(\s, which occupy a largo superficial extent of the 
country, am such as characterise a descxi; region, being largely of tho 
luiturc of a iiuiutlc of scree material, wido-spreading, gently sloping 
tiilus-fans, and wind-blown saiul, and marked by the absenVe of 
fluviatile and hcustiinc deposits, except in tho immediate vicinity 
of the Indus and of its larger tributaries. There is no monsoon 
Ml ^lii^ trans-llin , layaii inco and the rainfall is exceedingly 
fitful ami scanty, tho precix)it.ation being restricted to snow-fall in 

i Rfc, GtnL Jh,L, LXV, p. 201, (1031). 

IttcJM. ti ni\ WS\\ p. 207,(1015); t«!hO Oeneral MuMahon lias descriletl 
ot toeks, evidently Itelou^ing to the SnlUialaa, together Tilth diorite, aiii]*hil>- 
olitt*, j'ldiule, eU*., obtained troiu the Gupis-Uilgil-Hunza section; Quart, Jour/*, 
GloL Soc„ Vol. LVI, p. 337, (lUUO). 
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the hi^er altitudes. The lower mountains are quite barren and 
repellent, mantled by a thick, drab cover of u i decomposed rogolith 
supporting no vegetation, except in a few oases. Long Gbrtitclies of 
the Indus valley are occupied by wide banks of talus and wind- 
btown sand, supported on shingle and gravel tcrrace.s, which reach 
heights up to 1,500 feet above the beds of the streams.^ There is 
no soil-cap, nor humus, except in the oases, of vhich Bunji and 
Gilgit are the largest in extent, the former being about three 
square miles, the latter about eight. 

A notable feature of the Indus valley is the volume of lacust- 
rine deposits of Eccont age, e.g., near Jullipur (35° 27' ; 71° 2B'), 
w.. T4» 31') ..d Tkey „,e 

the relics of the numerous temporary but ex- 
tensive lakes formed by tihe damming effects of mountainous land- 
slips as well as glacial barriers, which have occuricd rather frequently 
during late historic times.^ 

Glacial moraines are of widespread prevalence in the Iiigher 
valleys ; the basins of the Eupal, the Tarshing, the upper Gonalo, 
the Rakhiot and the Buldar being choked with ice-transported blocks 
mingled with finer moraines. The path to the Mazono pass is 
strewn with gneiss masses and blocks almost up to the summit. 
Erratics of 100 feet diameter and over are met with around Nanga 
Parbat at distances of 12 to 15 miles from the peak. At lower levels, 
the glacial alluvium merges into the actee and talus debris. 

Gold washing in the aUuvial twraces, beaches, and sand-hanks hiis 
been practised for a long time in the Indus valley in Chilas, Gilgit, 
, , . , and the Skardu district further upstream, it 

bomg the chief mdustry, and a fauly remnncr.i- 
tive one, of the thinly scattered population, especially during the 
winter months. The Hunza and Bagrot tributaries of the Gilgit 
river and a section of tho Indus above Chilas arc reimted to be 
richer than othar parts. The gold occurs in tho native form (20 
carats, usually) as dust, flattened pellets and very occasionally as 
small nu^ets in the gravel beaches and banks along tho streams. 

1 At Chiohuboi (35® 56' : 74® 38') are aoen romnaatfl of three terraces or licnclies at 
widely separate levels. Similar occurrences are noted betwotn Gurikot and Ahlor, 
wkease as many as five terraces can be distiaguislicd. 

^ "Mot an aooount of some of the latest of these Indus fioods, tho cause of much des- 
truction in Hazara and Attock, see 5*. Drew : Jummoo and Kashmir Torriloiics, p. 414, 
London, (1875). 
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Ifo lode-gold, or any deposits of tho metal stUf^ have so far been 
located, either in the present area or in the Indus basin of Skardu, 
Dras and Kargil to the east, where the panning indubtry is carried 
out on even a larger scale. In che pan, the gold is always associated 
with heavy, black magnetite sand. 


V. TECTONIC RELATIONS OF THE NANQA PARBAT AREA. 

Tho region surrounding Nanga Parbat is one of great tectonic 
disturbance caused during various phases of Himalayan uplift, 
North-easterly regional evidenced by the extreme degree of regional 
strike. or stress metamorphism of its rooks. The 

main strike of the country is from Eaghan, through eastom CJhilas, 
to Bunji in a noii:h-east<*rly direction, with a pronounced general 
inclination of the foliation-planes to the north-west. This dip is 
isoclinal, due to the inveision of imbricated systems of compressed 
and puckered folds, fevered by many thrust and shoar planes. 

The lofty massif oi gneissic rocks, comprising Nanga Parbat and the 
associated group of peaks, occupies a pivotal position with respect 

The s nta\ial an le ^ loop-like bend of the strike which 

of the^ north-west takes place at this point in the central avis of 
Himalaya. the north-west Himalaya. Through Kaghan, 

Babusar and the Bunar valley of Cbilas, the Himalayan strike is 
one unswerving definite N. E. — S. W. trend-line. All the mountain 
ranges of that district reveal this dominant tectouic feature in an 
unmistakable manner. A broad belt of mountains to tho north 
of Gilgit have an almost exactly E. — strike. The stiike of the 
region to the east of Nanga Parbat, though not so definite at 
first in the tract bet?ween Bunji and Astor, trends in the main in the 
opposite direction, ?.c., N. W. — S. E. South of Astor this becomes the 
dominant strike of the Himalaya for the whole width of the moun- 
tains from the water-shed line to the outermost foot-hills. The 
syntaxial angle of the north-wesi Himalaya between Hazara and 
Kashmir has already been discussed in another paper ^ where the 
view is espressed that the Himalayan geosyncline has been bent 
round a triangular promontory of the Indian Peninsular horst. 
Structurally as well as stratigraphically, the Hazara mountains are 
a direct continuation of the Kashmir mountains along one bent 
axis, an essential geological continuity being preserved throu^out. 

N. Wadia : Syxitaiadis of the N. W. Himalaya, Booka, Tectonics and Orogeny. 

Bee. 
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lu 11)1 >7 Sir Sidney Bnrrard, while (lisciissing the w eastern tri*- 
iniTiation of the Great Ftinwlnra range, lemarked : 

* T') UuM'abual observer the fiuijai* Himalaya appeals to lcn>ii«>«>te =»iKl(ienU . ( 

the Indii*-* at the gijj^antle eoue of Nani»a Parlu^tand even tiif^(>iioiM<*tii(«il 
ohbcnatioiis have to indicMlo the coui'-e of the gieat laiij^e llw 

Indns.i’ 

and fu tlier : 

‘ Trigonoinctriodl surveyorb have not been able to tiaec by means ot lu the 
continuation ol the Gieat Himalayan axis beyond the Indus and the piohlem \\i»l 
not bo solved without a geological survey.®’ 

Geological investigation o£ the region to the west and south- 
west ol Nmg.i Parbat show that whilst it is correct to say that the 
Great Himalayan range does not extend beyond the Indus, yet it 
cannot be legarded as terminating in Nanga Parbat. Instead, the 
fold-axes are bent ainiiptly to the south-west through Kohistan and 
North-East Hazara, and the Himalaya may bo s,iid to terminate 
as an orographical luiit in the hills to the east of Camj)bellpore. 

The same a<nite ilt^xure of th<‘ geological treiid-Huos has been 
observed in the r<‘gion to the north of (blgll l)y Hayden, w^ho 
confirms the previous ol)Seivatious of the llussiaii geologist 
Ivauow, the contemporary of Stuliezka, Elayden gives a clear 
account of the bend of the strike of this region from the S. W.— N. B. 
direction in upper Chitxal to a consistently B* — ^W. line in the Pamirs 
and a further decided bend to a S. B. — ^N. W. direction eastwards of 
the Pamirs.® In all this extent, as in tlxe area to the south of Nanga 
Parbat, the strike of the rooks is freiiuently in general conformity 
with the trend of the mountain ranges. 

Reference may here be nuide to the important work of Prof. 
D, I. Mxishketov in the trans-Pamirs region of Berghana reg‘ir<ling 
the disposition of the trend-lines still further to the north.** 

VI. 1 HE CLIMBING OF NANGA PARBAT. 

Wince Ifummcry's classic venture in 1895, which ended in llii‘ 
tragic deaths of himself and of his two Gurldia companions on their 
way to the col leading to the Rakbioi ghuarn* 
Nailya* Parbatl* Diamirai side,® no attempt has been 

made to climb this mountain. The stupendous 

1 Geography and Geology of the Himalaya Mountains and Tibet, p. 70, (1007). 

® /6irf., p. 80. 

»ifec. Su7v, hid., XLV, pp. 273 and 320, (1916). 

* Geoiorical Map of East Iferghaiui, Turke^.tan, Lenirgjad, (1928); ami 'JLc btiuc- 
ture of Asia, pp, 11 and 177, London, (1929; ^ Piof. J. W. Gie^i ly. 

« The Passing of Mummery : General C, G. Bruo»‘, HUmlayun \ oi. 111, p. 11, 
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cliffs of the south face mil for long remain unconquered, and 
Mummery’s experience has proved the difficulties of the west and 
north-western slopes from the Buner vaHej. The possibilities of the 
north and north-east side remain to be tested, and these perhaps 
offer better chances to climbers, because of loss steep declivities 
above the snow-line and a uniform spread of snow and glacial ice 
covering up the extraordinary ruggedness of the slopes strewn 
with enormous gneiss blocks. The present writer has been nowhere 
within 11,000 feet of the summit, but from observation of these 
slopes from several points, the flanks, or the ^ r - of the narrow 
rock-ridges separating the large number of branching coulovrs, 
draining the deep bay-like recess in the north flank of the ruassif 
appear to him less impossible than the desperate Diamirai and 
Mazeno slopes. 

It seems unlikely that any considerable additions to our know- 
ledge of the geology of Nanga Parbat will residt from an ascent of 
this peak, but a great deal of detailed work remains to be done on 
the petrography of the crystalline complexes of contiguous areas, 
on their analysis into their various component units, and on the 
study of the intricate injection phenomena displayed in them. 
These problems may have a bearing on the teotonios of this most 
important moimfccin plexus of the noith-west Himalaya. This note, 
based on two traverses during brief seasons in 1930 and 1931, has 
been written in oider to place on recool certain broad facts of the 
geology of this interesting region — region that promises to attract 
in the near futuie parties of climbers and tourists — and to help future 
investigators in their more detailed and intensive studies with the 
data obtained from previous work in neighbouring regions. 



1. — Sketch of outline of Nanga Parbat ffom the south, as seen from 
Kajdhiangan (11,900 feet), rising over ranges of 17,000 feet mean altitude. 

n 
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VF. PEfROLOQICAL NOTES. 

Potwlogical oraaouiation of the more typical rocks collected from 
the area iindor description sliows 1.1mt they heloQg to the follovring 
three main groups ; — 

(1) Granites. 

(2) Epidiorites, uralitised gahbro, serpontinc. 

(3) Pp.ra-gncisses and -schists, granulite, morble. 


Gbanites. 

1. Hornblende-granite : Locality — ChiUum (36° 6' : 75° 6'). Kne 
to mcdiiun-grainod normal giajoite with square oithoclaso pheno- 
crysts; varies in acidity, some typos containing as much quartz as 
felspar ; others contain less quartz and are crowded with large plates 
of deeply diohroic, green hornblende (black in hand-specimens). 
The rock is usually fresh, with unaltered felspars, mainly orthoelase, 
with a sm.')]! proportion of oligoclase and mierocline. Accessories — • 
sphene, apatite, orthite and magnetite. Granophyric structure is 
common. This granite is found penetrating the epidiorites, ser- 
pentine, as well os the Panjal volcanio series. 

2. Biotite-granite : Locality — the higher parts of Nai^a Parbat; 
Hattu Pir; Gilgit; many veins near Partab Pul. This is a noimsl 
biotite-granite, porphyritic or schistose (with ‘ augen ’ structure), 
according to conditions of occurrence. Quartz abundant, muscovite 
is not common ; varying proportion of plagioclases, usually 
miorodine. Biotite is deeply coloured. The following accessories 
are common ; apatite, zircon, sphene, magnetite, schorl, orthite, 
garnet. Petrographically, this rock strongly resembles the gneissic 
granite of Kazi Nag, tbe Pir Panjal, Balhourae and Hazara; it is 
the ‘ Central gneiss ’ of Stoliezka and of McMahon. 

This granite ocem's largely in the central part of Naiiga Parbat, 
the Bunmiit of the mountain being chiefly constituted of this rock ; 
it is strongly foliated and is granulitio in slructuro, i‘» sombling in 
exte-nal aspect th’ biotite-gueia? describid below. 

3. Musoovite-granite : Localities— Parri ; Leychar. This granite is 
more acid than the preceding type, wibh black tourmaline as a 
frequent accessory. It is not a common type. 

4. Aplitic and pegmatitic modifleations of these granites are 
common ; they do not call for any speei,al petrographio notice ; they 
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a£6 generally po6r in aocessoiy mineials, except garnet, schorl, 
muscovite and biotite, the latter sometimes occur in crystals four 
and five inches long. 


Bpidioeites. 

1. Dioiite : Locality — ^Ramghat ; MaiMal ; and some clife oppodte 
Astor. Some of these rooks, which appear to be typical diorites in 
hand-specimens, may be only the more basic varieties of homblende- 
gianite. While others are probably completely altered dolerites, 
whose pyroxene has been uialltised to hornblende. Bocks of this 
description are rather common. Bree quartz is present in some 
specimens which are of light colour ; the darker variety (a handsome 
brown, from Gilgit) have no qdartz. There is a small quantity of 
orthoclase among the felspars. The hornblende is cdmpact, brown, 
in idiomoiphic plates, pleochroic in greens. Bpidote, zoisite and 
magnetite are commonly present. 

2. Altered dolerite (epidiorite). Specific gravity, 2’8— 3-1. This is 
a very common rock throughout ChilaS and Gilgit, occurring in bosses, 
stocks and numerous sills. Colour varies from light to dark green; 
the lighter varieties are easily mistaken for diorites. The augite 
is in most cases almost completely changed to compact brown, or 
green, deeply pleochroic hornblende in weU-formed plates. In a 
few cases part of the aUgite is stall left. Ophitio straottire is viable 
in some sections ; there is no olivine in any of the sections, Plagio* 
clases are fresh in some eases, in others they are largely replaced either 
by granular zoisite or by an indefinite mineral aggregate. A very 
eoatse epidiorite is Very common between Bunar and Ohilas. Bpidote^ 
gatnet, Clinozoisite and iron-ores are present in most sections. 

3. Amphibolite : Locality — Garhkot (Gurikot) ; Gor ; Astor. Specific 
gratify, 8'2. This rock occurs in thick sills Intmrive into the Nanga 
Parbat gneiss. It conSMs of black, lustrous hornblende in crystals 
one to four inches in length. Flagioclases are almost absent. 
Iron-ores, garnets, zoisite and clinozoisite are acceSSotiert in variable 
amounts. In some homblendites, garnets occur most plentafully. 

4. Homblenda-schist. Locality — ThalicM. This is a schistose 
epidiorite Consisting of thin, wisp-like, hornblende prisms set in a 
finely slaty or schistose aggregate of quartz ahd plagiodase grains. 
Accessories are garnet, ^idote, zoisite and iron-ores. The field 
occurrence of this rock— id di^tted phacdlifes, sills and dykes 

e2 
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in tbe gneiss — ^leaves no doubt about its origin from intrusive 
dolerite. 

Epidote-schist occurs associated with these rocks in bands and 
intercalations and has doubtless originated from the extreme skess- 
metamorpbism of doleritic rocks. 

6. Pyroxenite : Localit 7 — Godai. Spedfic gravity, 3-2. This speci- 
men has three-fourths of ite augite altered to hornblende. There is a 
fine-grained mixture of epidok, zoisite and small garnets, which has 
replaced some of the remaining augite. Specimens from Leychar 
and Fashwaii show narrow rims of pyroxene surrounding the newly- 
formed hornblende crystals. The hornblende is rarely in the fibrous 
form of nralite. 

6. Uralitised gabbro : Locality — Godai ; Pashwari ; Gilgit. This 
rock occurs as a segregation-product in the centres of dolerite masses 
as stocks and dykes. Moderately coarse-grained rock of dark 
colours. Basic plagioclases (labradorite) showing little or no 
alteration. A li^e quartz is present in four specimens. The 
hornblende resulting from uralitisation of augite is both of the light 
green, fibrous variety and of the brown compact variety, yet con- 
taining scraps of unchanged augite. In one specimen from Godai, 
biotite tiiares with hornblende the r61e of the chief mafic constituent. 
Apatite builds fiurly large crystals; other accessories are magnetite 
and iimenite. 

7. Norite : Localily — Godai and Partabi.ul mountains. In this 
specimen about half of the augite is replaced by large crystals of 
schillerised hypersthene, pleochroic in pi^ colours. Some of these 
have a rim of fibrous uralite. Some biotite is present, but no olivine. 
The felspar is labradorite in large, clear crystals. In a specimen from 
Partabpul, Mr. W. D. West has detected the soda-microcline felspar 
anorthoclase. 

8. Serpentine : Locality — ^Pashwari mountains ; Mapium ; Babusar ; 
KalaponL The serpentines collected from these and other locaUties 
in Gilgit have one property in common, viz., they are alteration- 
products of amphibole mid not of olivine. It is a daik green 
rock of good lustre, resulting from the hydration of the ultra-basic 
segregations of gabbro bosses. In a specimen from the Pashwari 
mountains, the micro-section is full of small ra^d scraps and 
wisps of both hornblende and augite. In other sections, pseudo- 
morphs (bastite) of these minerals are seen. The accessories are 
carbonates apd iron-ores (chromite), also small veins of chrysotile. 
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Paba-gneisses, etc. 

1. Banded Idotitt -gneiss. Locality — ^the mountains of Garlikot and 
Bunji ; Eattu Pir aho ;e Doyan. This is a pale pink coloured, fine- 
grained, granulose gneiss (leptite), studded with beautiful pink 
garnets. Main components — quartz, acid felspars, biotite and al- 
mandine eainet, arranged in parallel bands due to alternation of 
la} eis of different composition. All the minerals except garnet appear 
to be xeiioblastic and are quite fresh, llutiie is occasion 'ull v pr sent. 
The quaifcz-Ielspar mosaic is crowded with prisms and blades of a 
colourless mineral which has been identified as kyanite. Sillimanite 
occurs in fine needles as well as stout prisms in some other rocks 
from the same locality. Large, blue, strap-like crystals of kyanite 
at-i* occur in the biotite-gneiss to the south of Nanga Parbat. 

This rock, together with those described below, occurs on the 
lower slopes of Nanga Parbat, generally below tho le\el of the 
glacier; it is extensively permeated by the biotite-granite 
described above (p. 2;>0). It is essentially a pelite-gneiss, resulting 
from the plutonic metamorphism of Salkhala sediments. 

2. Quartz-, mica-, and graphite-schists. Localities — same as 

above. Fine!}' foliated, wavy, thoroughly crystalline schists alter- 
nating with the gneiss just described. Biotite-schists are the most 
common of A^ery few secondary minerals are developed, 

except garnet ; occasionally sillimanite and cordierite are noticed. 
Cr}’stallme, flaky graphite is very prominent at some places, 
near Babusar pass, though its percentage composition is never so 
high as to be of economic importance. 

3. Marble, crystalline limestone. Locality — difls above Thalichi ; 
Tarshing ; Bunar valley ; etc. Occurs in inter-foliated bands, 
lenticles or in thick beds in the schists. Some varieties are 
pure, white, saccharoidal marble (80-90 per cent. CaOOg), 
others are gr^-coloured, fine-grained and generally foetid when 
struck. A l^e number of secondary calc-sUicates are formed, 
among other new minerals, micas (paragonite, seiicite), felspars, 
hexagonal flakes of graphite, garnets, forsterite, tremolite, diopside, 
vesuvianite. In some specimens from the Indus bed near Ckilas, a 
good deal of magnetite and pyrite occur ; chalcopyrite is sometimes 
found. 

4. Calc-schists and granulites. These highly schistose or granu- 
lose rocks are interbedded with the marble and represent the more 
impure metamorphosed limestone rocks. They are crowded with 
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Recondaiy lime-minerals, besides ncwly-foimed quaitz, felspar, and mica* 
A.t some places, they arc full of large garnets (as big as cherries), 
hornblende, etc. 

6. Slate, pliyllitc and homfels. Locality— suulli (MoI of Gilgit ; the 
Kamri pass. Tliesc arc rocks with a politic foundation and some 
of them still retain the original lamination and slaty cleavage, where 
the dynamo-thermal metamorphism, which has affected the rest of 
the area, has for some reasons not been sufficiently intense locally. 
The more altered phyllites and hornfclses consist of a granoblastic 
aggregate of quartz, felspar, biotite with small pinhead garnets. 


EXPLANATION OF PLATES. 

riiArs 4, Fig. 1. Nanga Parbat range as viewed from Buiiji. A Iciiacc oJ 
Indus gravels in the foreground. 

Fig. 2. The Great Himalaya range from Buizil valley; the rocks aio 
hornblende-granite with dolerite and opidioiite intnisions. 

Plate 5, Fig. 1. The Bunji oasis. Wind-hlown sand capping two giavel- 
tenaces at different levels on ihc Indus banks. 

Fig. 2. The Indus at Partabiml. The locks are daik epidioritos with 
veins of granite Note the apparent stratification effect of thefi© 
veins in the mountains in the background. 

Plate Q. — Section across Nanga Parbat massif from the Indus nver in Cliilas to 
the Rupal valley in Astor- 

Plate 7,— Geological map of Nanga Parbat area and adjoining poi lions of 
Chilas, Gilgit district, Kashmir. (Scale 1 inch=4 miles.) 
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ON SOME Fossil Plants from the Parsora Stage, 
Rewa. By a. C. Seward, Sc.D., F.R.S., Cambridge. 
(With Plates 8 and 9.) 

ENTRODUCTION. 

TLc foobils desa’ibett in this paper were sent to me for examin- 
ation ]»y the Diiector. Geological Suircy of India, and T take 
this oppoitunity of thanking him for gmng me an opportunity of 
inabVig a slight contribution to oul* knowledge of a flora of unusual 
interest. 

The specimens were collected by Mr. N. K. N. Aiyengar field 
Collector, Geological Survey of India, in a micaceous, ferruginous 
sandstone at the village of Chicharia (23° 31' : 81° 12') in Rewa 
State, Central India. 


DESCRIPTION OF THE PARSORA SPECIMENS. 


Plate 8. This, the largest sj^ecimen, has a relabively broad 
axis (7-0 mia.) characterized by a tubcrculate soiface lecalling 
the rachib of Lepidopteris as figured by Antevs^, though the preserv- 
ation does not enal^le one to determine with certainty the struc- 
tural origin of this feature. On magnification, the outlines of 
epidermal cells aie clearly visible, but no definite evidence of ramental 
scales can be detected : it may be that the epidermal cells formed 
protuberances and not actual scales. The rachis is divided into 
two approximately parallel arms of equal breadth, and each arm 
gives off pinnae or lai*ge pinnules at a wide angle. The pinnae 
on the left-hand side have a stout axis bearing short, broad piimules, 
some of which are almost orbicular; they arc attached by a broad 
base and traversed by spreading veins without a midrib. The 
surface of some of the pinnules is finely tuberculalo, tut whether 
this is caused by epidermal hairs or small protuberances cannot be 
determined. The uppermost, lobed pinnule lying, no doubt, in 


^ Antevs, K* $vetuila. 7eUn^ Akad^ Sandt., Bd. 51, lito. 7, (1914). 
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its ori{>iiial position on the right-hand arm of the raohis, does not 
show any clearly defined midrib, though in the basal part o£ the 
lamina the veins converge into a central strand. The venation is 
relatively coarse. 

This specimen is clearly pait of a much Inger frond which 
probably forked more tlmn once. It agrees closely with some of 
the large fossiis from the Hawkesbury series of New Uoutli Wales, in- 
cluded by FeistmanteU in TMnnfddia odmtojjtci’oides (Morris). 

Plate 9, fig. 1. This is part of an incomplete pinna ; the 
lamina is dissected into short and broadly rormded segments not 
completely free, in which the venation is clearly seen. There can 
be no doubt of the specific identity of this pinna and the larger 
specimen shown in Plate 8. 

Plate 9, fig. 2. The preservation of this piece is less satis- 
factory. A broad axis bears alternate linear pinmie rvith rounded 
pirmules showing numerous, slightly divergent veins. Both on the 
<(Xes and laminae can be seen traces of the tuberculate character, 
described above. My belief is that these small pinnae were home 
on a large frond which in the lower part bore pinnae like those shown 
in Ifiale 8 and Plate 9, fig. 1. 

It is noteworthy that some pieces of fronds from Porsora, which 
Feistmantel^ figured as ThimfdMa oiontopteroides of. Peist., agree 
closely with the present ^ecimen and are, in all probability, specifi- 
cally identical with it. 

Plate 9, fig. 3. This fragment, with clearly preserved veins, 
is probably a piece of the same species of from as that to which 
the larger ^ecimens are assigned. 

The epedmens, so far described, arc referred to a new species, 
TMnnfddm idJmii, which it is a pleasure to name after my filend. 
Professor Sahni, who has added greatly to our knowledge of the 
Gondwanaland flora. The species, which is more fully discussed 
later, may be defined as follows ; — 

Fronds reaching a largo size, probably several feet in length; 
rachis forked into approxkaately equal, tiightly divergent 
arms. On the main rachis and the branches of forks 
are home linear pinnae and occasionally separate pinnules. 
The rachis and its branches have a tuberculate sur&ce. 


1 Fdstmaniel, Mem. QedL Surv. N. S. W., Palaeont., No. 3, Pis. XSIV, XXV, (1890). 
sprfstinantel, Pol. ItO., Ser. iCH. Vol. IV, pt 1, PI. VITI, figs. 4, 6, 7, (1882). 
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The pinnules are relatirdy thick and finely tuberculate ; 
short and broad, entire or lobed, attached by a broad 
base ; for the most part without a midrib and characterized 
by spreading, forked veins. The venation is comparative- 
ly coarse (the veins are approxiiaately 0*5 irmi. apart). 
Only sterile eAam^.les are known. In Lddt ; the fionds 
leseixiblc Ilmmfcldia — ^including Dr/oiuinn^ B^niaeopsis 
*iigue&l oL Fei*,.x^ <ntel — and olher fciri-genera such as 
OdontopUriSy elc. : in all probability iliey are 

the Ironcls ol a Pldirlci^erm. 


I/finnfddia sp. (fcee also p. 4i.) 

Plate 9, fig. 4. Bdoj e discussing the probable nature of 
the species so far described, a biief accotqit may be given of another 
Parsora specimen which is believed to be closely related to Thinn- 
feldia sahnii, though not specifically identical with it. The drawing 
shows only a portion of the actual specimen, vrhich is 12*6 cm. 
long. A broad, imperfectly preserved axis, on which traces can 
be detected of a superficial pattern similar to that on TMnnJeUia 
fahniif bears two rows oi crow’dccl., broadly linear and obtuse pinnules. 
There is a clearly dennea midrib: the lateral veiiis aic rather far 
apardi and given off at an ac.ae angle. The preservadon of the 
pinnules is very imperfect, chough a tendency of tlic lamina to form 
oblique folds parallel to the veins indicates that the ultimate segments 
were fairly thick and leathery. 

It may be noted here that some fragments from Parsora, figured 
by Feistmantel as ^s^plenhuu iiMtbyensey^ may be specifically ident- 
ic with the large example shown in Plate 9, fig. 4. 

Having regard to the incomplete state of this specimen. I re- 
frain from the use of a specific name. 

One of the impressions, K. 25*517 in the Chicharia collection in the 
same red sandstone as that in w’hich the figured specimens were 
found, though too indistinct and imperfect to be determined or 
satisfactorily illustrated, is interesting because of its resemblance 
to a species described by Zalessky^ as OaUipteris uralmm from 
the Penman of Angaraland. 


1 Feistzoantel, ojp. ctf.. Pi. VUI, figa 2, S, (1382), 

^Zalessky, Mink Onnk giol» Lenin^rad^ Llvr. 176, PI. T, (1927). 
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TffE /kFFSNi'fJHS OP 'i HE FAI^SORA PLANTS. 

I’lfiioH .md I'lal 0, fiftr. j-". vVc ^vill firr-tc<)ir>i)aTc the rrouds foi 
which the noxTio Tfmmfddk .o.inii is pionoscd with ihoac of Dmwpop&i'i 
hughcfsi, a species founded by Li’eic.Jnianiol* on specuneiia fioin 
Tursora, which lie deseriiied s’S inleiiiiediatc itelwcen Dameojms 
tmranlacea, Uocar, and i). FeisL, though oIosct to the 

former. The fronds of Dameopsis / ' fiJicsi, as the drawings in 
XTeistuiantcl’s memoir^ on Lha ne\'n plants show, must have reached 
a conEdderahb size ; a forked raohio, idiieh occasionally sliows 
ti.ices of sapeificial tuh^'ieulaiion, iK'ors long and (jornparaiivcly 
bioad pinnae which a:(' usually entire. On a few of (lie figured 
specimens, there are some iolalivoly short pinnules coniparahle 
wUh those on the right-hand arm of ihc example roprodneed in 
Vlato 8. It would, however, seem unlikely, in view of the largo 
nuiuher of spcoiioons that liavo b(*cn figured, that the range in 
size and shape of the pinnae or pinunlaa was great enough to iuolnde 
tiic present fomis. On tire other hand, the rescrnblanoos .arc such 
as clearly indicate close affinity. 

It is now generally agreed tha the generic name Dmaeopsis 
must he abandoned for the Indian fronds ; ihey allord no evidence 
whatever of relationship to Dattuea or other Marattiaoeous ferns, 
nor can they be included iii Danacopsis as represented by the type- 
species, D. marmtaoea (Fred.). Two other names have been pro- 
posed. Halle®, with some hessitation, adopts Lesqxieronx’s Prolo- 
blechmm, a misleading uamo, bocanso of implied affinity to the 
Polypodiaceoob genus BlecJimm, Morcov<‘r, llie ('hincso Perniinn 
specimens for which Proldbl'clvuuhi was juiimuily used appaiuutly 
differ from Ihe Indian fronds in tho lack of bifiircalion of the main 
axis, a eluiracl t to which f am inobned to attacJi importance, 
Thouf^i Ilalle’c (Jhineso spetiies rtseinhles Tkinucopsin hnglmi in 
the form of tJie pinnules, it is very doubtful if the two are gonec- 
ically tho same. Tlio second substitution for Dmiaeopsis is tho 
genetic name SuiHiiu, which was recently proposed by Dr. David 
White® and used by him in a veay comprehensive sense. Tho 
choice of a generic name for this widespread Qondwanaland species 
is by no moans easy. An objeotiou to 8ujum is that its author 

il’dstnuuilel, JRec. GetH, Sarv. hid., XIII, p. 188, (1880). 

• S'eisttnantel, Pal, Jnd., Set. XJI, Vd. IV, pt. 1, (1882). 

'Halle, Pdaeont. Simea, Set, A, VoL II, S'aao. 1, p. 131, {^9Z^). 

* WUte, Pub, Oame^ Wadhington, TSo. 403, p. 34, eto., 
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regards it in the light of a groii})-d€Hignatioi}, including in it specimens 
which might well be apsignod to TMnnfeldia, Diemidium^ or some 
other genera. In Lhe ab'sonce of data afforded by cuticles, repro- 
ductive organs or other useful teionomic guides, one cannot hope 
to pioduce a r^atisfactoiy dia^nosib of a form-genus which, it is 
practically ceuain, con\pii.cs more than one genus in the strict 
sense end nianv different species. 

yo^ition is this : Danaeopsis hiigltesi and the species now 
iiai'eJ. Tlid/ifeWia nihiii ai‘c almost certainly two species of one 
genus ; the latter agrees closely with some of the large fronds which 
it is customary to refer to IliimfeWia or, on the part of some authors, 
to DicroidUttn. The species Danaeopds hugJiesi, considered by it- 
self, would hardly be placed in TMnnfeldia, Ifc is interesting to 
find that several years ago Prof. Sahni^ said that Dameopsis luglhesi 
by its whole appearance struck him ‘ as being only a giant Thinn^ 
Je1dia\ Pmding the discovery of specimens, weD enough presv'rved 
to supply information on the stracture of the epidermis, 1 venture 
to apply to the fronds previously known as Danaeopsis hughesi 
and those now described the generic name HkhmfMia^ 

Opiiiions differ on the value of the characters on which some 
authors employ the torm Dicrcidium in preference to Thinnfddia ; 
it may b: Lhat as loiov ledge iiicrearcs the adoption of Dkraidium 
will become goneid; but jOx the present, Thituifeldia is retained 
and ii'a-'d without jOicjudice as a provisional designation rather 
than as denoting a generic type which, on the data at present avail- 
able, ccainot be satisfactorily defined. 

We pass now to Odontopteris ; in the forking of the raohis, the 
occurrence of pinnules on the main axis, and the absence of a midrib, 
the fronds of this late Pateoi^oic genus ageee generally with those 
from Paibora. The excellent photographs of specimens described 
by Halle^ from Shansi as OdoiUopteris subarert/ulaia (Eost) Zeill. 
show a fairly close resemblance lo the Indian species; a difiereaice 
is the finer venation and, presumably, the thinner pinnules of 
Odontopteris. Another Chinese plant, Odontopteris {Dioroidium ?) 
orbicuhris^ as it is named by Halle, is very similar in the form of 
pinnae and pinnules to the specimens from Parsora referred by 
Feistmantel to ThinnfeUia odontopteroides and the example re- 
produced in Plate 9, fig* 2* In a footnote referring to the use 

^ Salau, Proc. As^ Boti, Jienif, N . S., Vol^ XVH, p, olSi, (1822X 

» Halle. Oft, cii., p. 114, (lfi27J,, 
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of the name Dicroidium by Qothan and Antevs, Hallo says — I am 
yet inclined to keep most of the forms of Dicroidium separated from 
Thinnfeldia..».iibe distinction between Thinnfeldia and Dicroidiwn 
should, in my opinion, bo based chiefly on the venation, which 
is generally characterized by the occurrence of a midrib in Thmn- 
fddia^ while it is odontopteroid in Di(^oidknn"^ It may bo in 
accord with a natural classification to employ these two generic 
names, but the difficulty is that as yet we have no satisfactory 
criteria to guide us. It is hue that many forms included in Thinn- 
feldia are characterized by pinnules with a midiib ; on the other 
hand, the pinnules of Dcmaeoj)sis hughesi possess pinnules -with a 
midrib. 

The most recent account of fossil fronds resembling the Patsora 
species is by Dr. David White in his ^ Flora of the Hermit Shales of 
Arizona He draws attention to the difficulty of defining the 
characters of several form-genera, which are almost certainly fionds 
of Pteiidosperms, and are probably closely related members of one 
group. Among these are Danaeopsis l.ughesi^ Odontopteris^ OalUp- 
teris, Thinnfeldda and Dicroidium, In order to meet this difficulty 
Dr. White institutes a new genmc name Supaia, mcluding in it 
fronds having a once-bifurcate rachis, each arm of the rachis being 
pinnate or pinnatifid, and pinnules varying from Alethopteroid 
to Neuropteroid. He restricts the term DicroiMum to bipinnatc, 
Odontopteroid fronds of * ThimfeUia ^ 

It is, I venture to think, very doubtful if the presence or absence 
of a midrib can be used as a trustworthy distinguishing feature. 
The Parsora fronds described by Feistmantel bear largo pinoulcs 
wdth a midrib ; those now described from the same locality have 
pinnules for the most part of the Odontopteroid form. 

In view of the obvious resemblances, indicative ol close rclation- 
diip between the two sets of specimens, the employment of one 
generic name is essential. 

For the present, I adopt the generic name Thinnfeldia for the 
fronds previously known as Damaeopm hughesi and those now 
referred to a new species. 

It is with some hesitation that a new specific name is proposed ; 
there is a very close resemblance between large specimens from 
Xew South WaleS) which Feisteiantel included in the spedea 

1 Halle, pp, 116, 117, (1927). 

* White, op, cftL, (1929). 
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Thmnfddia odontopteroides (Morr.), and that reproduced in Plate 8. 
Moreover, the much smaller example shown in Plate 9, fig. 2, 
agrees closely with ejome of the smaller specimens figured by 
Feistmanfcel. Gothan^ transferred the larger forms described by 
Feistmantel to a new species, Dicroidium feistmamidi^ though, as 
Antevs^ admits, it is hardly possible to say definitely whether or 
not such separation is admissible. The name Thmnfddia feist- 
maTiteU, Johnston, is applied by Walkom® to specimens from the 
Ipswich series oE Queensland, believed to be identical with the 
New South Wales plant. 

An identical form with comparatively large pinnules similar 
to those of the Parsora specimen (Plate 8) is recorded from South 
Africa^ as Thinnfeldia odontopteroides. 

Though it is by no means certain that the fossils for which the 
name Thinnfeldia saJinvi is proposed are specifically distinct from 
some of the incompkte fronds previously included in Thinnfeldia 
odontopteroides aiid Thmnfddia (or Dicroidium) fdstjmntelii it is, 
I thihk, preferable to adopt a distinctive name for the Parsora 
form. The branching of the rachis differs in some degree from 
the more open forking of most Thimfeldia fronds ; the pinnules 
tend to be more roxmded and suborbicular, and the tuberculate 
surface of the axes, and it would seem also of the pinnules, is a 
feature which is not noticeable in most Thinnfeldias. 

Thinnfeldia sp. 

Plato 9, fig. 4. As already stated, it is probable that this 
specimen is pait of a Pteridosperm frond which may be generically 
identical with ThbnfeUia ,>ah)iii. It resembles specimens referred 
to Alethopteris, OallipMriSf OalUpteridium, and Thinnfeldia. A similar 
form is described by du Toit® from the Beaufort beds of South 
Africa as OcMiptendium africanum; the lamina of the pinnules 
shows the oblique folding which is a character of the Parsora speci- 
men. Many other comparisons might be made with Gondwanaland 
species and with some of the species from the Kusnezk flora figured 
by Zalessky,® 

^ Gothan, Abh. Naturhist. Oes. Nuremberg^ XIX, Bd. 3, (1912). 

3 Antevs. X. avensl^a, Vetmah AJ'od. Bandl, Bd. 51, No. 6, p. 3, (1914). 

* Walkom, Pub. Qeol. S^arv. Queenal.^ No. 257, (1917). 

* Seward, Quart. Jovrn. Geol. Soc,^ VcL 64, p. 83 ; PI. V, fig. I, (1908) 

« Du Toit. Am. 8. Afr. Mua. VoL XXH, pt. 2, Pis. XXV, XXVI, (1927> 

^‘Zalosdky, M^. Com. giol.Jueumgrad, livr. 174, (1918). 
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My view is tliat many ol tte Pueridospirm fco]itl&, itiiqiioslion.- 
ably varying over a wide ian«o, vvbich otq char«ic*ioiislic of IVrnnan 
and slightly younger floras, eaniiou be clihLiibiaed aniODg spe(‘i(*s 
that it is possible satisfactorily to clofinc. Moreover, T agioe with 
White that the drier conditions which pievailcd towards the close 
of the PalsBosioic era are reflected in the habit and in the abundance 
of a group of xerophytlc plants— many of which he includes in Supaia 
— which we cannot at present assign vith confidence to clearly 
definable genera. 1 have little doubt Ilia! the sow(*irncn lopreseiited 
in Plate 9, fig. 4, is a piece of a frond closely oUiod to 
using that name in a wide sense as including Dicroidium. 


AQB OP THE PARSORA SERIES. 

Prof. Sahni^ has called attention to the presence of two sets 
of plants in the Parsora beds, one set indicative of a Triassic flora 
and another, a much smaller groiip, forming a connecting link with 
younger floras. It may well be that the OladopJilebis species to which 
Sahni refers is a Thinnfeldia. 11 is in the highest degree probable 
that the Parsora flora is not younger than Lower Triassic, and the 
most abundant species lead me to believe that it agrees more closely 
with late Permian floras of the northern hemisphere than with 
any Mesozoic floras. 
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EXPLANATION OP PLATES. 

Platb. 8. TUmJMia saAniit sp, nov.--(natHral size) (Q, S. I. Type No. 

ld.469). 

Flate 9, Fig, 1. Thinnfddia eahvii, sp. nor. — Port of a {anna (natural size 
(Q. a L 1^0 No. 16.170). 

Flats 9, Fig. 2. TMnnfeMia sahnii, sp. nor — Small pinnae (natoral size) 
(G. a I. Typo No. 16.471). 

Ft era 9, Fig. 3. ThUiifeldia sahnii, sp. nor— (natnnd ^e) (6. a I. Type No. 
16.473). 

FiAin 9, Fig. 4. Thinn/Adia sp.— (natatal size) (0. S. L T)^pe No. 16.473). 



244 


Rtfui^s of the Oeologkal Swoey of India. [ Vol. IjXVI, 


A Note on the Swa Earthquake of August 8th, 1929. 
By J. CoGGiN Bpown, O.B.E., D.Sc., F.G.S., Siipmn- 
Undeiit, Geological Suro&y of India. 

INTRODUCTION 

The Svra earthquake of August 8th, 1929, was the first uaomber 
of a series of major earthquakes the epicentra of which are distrib- 
uted m a linear fashion in a narrow belt of coimtiy which runs 
approximately north and south from some unknown point in the 
Gulf of Martaban, across the plains of Pegu and througli the valleys 
of the Sittang and Samon, to a point in the Irrawaddy vaUcy near 
Shwebo and perhaps further north EtUl. The land coiirre of this 
belt is at least 460 miles long. It includes both the ginat boundary 
fault scpaiating the crystalline and Palsoozoic rocks of the Shan 
States rncl Karen hills from the Tertiary deposits of tlie Purmese 
plains, and Ihe assoeiaicd parallel faults which arc l>e]ie\od to 
exist at short distances to the wesu of the boTindaiy fault, itself 
actually within the Tortiaries. 

The connection between the Swa earthquake, the Pegu disaster 
of May 5th, 1930, the Pado earthquakes of July to December. 1930, 
and the Pyu disaster of December 4th, 1930, has already been 
traced/ while in a forthcoming report the detailed record of later 
shocks has been continued up to the early months of 1932.* Through- 
out the year 1931, earthquakes were of very frequent occurrence 
and occasional severity in this zone, the more important shoclcs 
beiiii* those of the Daiku-Paungdawthi region on May 4tli, Pegu 
on lia} 16th, Amherst on August 6th to 16th, Pyinmana on August 
lOih, K 3 aukse on August 19th, and P}ai on September IClli and 
23id. Disturbances which were reported from all localities between 
Pyuntaza and Toungoo on January 6th, and from places between 
Pyu and to the north of Toungoo on January 13th, 1932 are 
unpleasant reminders that stability has not yet been attained. 

No apology seems to be necessary, therefore, for placing on 
permanent record such details as are available of this earthquake. 

1 ‘ A Preliminary Note on the Pegn Earthqueko of May Sth, 1930,’ by J. Coggin 

Brown, P. Lew ester and H. L, CLhibbci, Leu GeoL Sv9v. LXV, pp. 207-208, (1 931 ) 

2 * Eaiihquakes of Burma duiintr 1031, by J". Co^gin Blown. Appendix lo ' Ihc 
Pyu Earthquakes of December Bid and 4lh, 1030,’ by J. Coggin Blown and P. Leiccsloi, 
Mm, <f€oL JSurv^ Ind., LXII, pt. 1, (in the press). 
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It was in fact a herald of the recrudescence of violent seismic activ- 
ity in a region which, as far as the present generation is concerned, 
has enjoyed tran(jiiillity, but which both history and tradition lead 
the student to suspect of having suffered from sunilar visitations 
in a more remote past. 

Swa is a small town situated about latitude 19° 13' and longi- 
tude 96° 14' in the northern part of the Toungoo district, 
on the main line of the Burma Railways, 192 miles from Rangoon. 
It lies near the western edge of the Sittang plain, on the banks of 
the Swa chaung, a tributary to the Sittang river, flowing from the 
Pegu Yomas, which rise steeply from the plain a short distance 
to the west of the town. Rocks of Tertiary age build up the 
Yomas, but on the eastern side of the plain some 15 miles away, 
the crystalline rocks of the Elaren hills rise, and somewhere under 
the alluvium lies the boimdary fault. Fortunately for the inhabi- 
tants of Swa, their houses, like those of most other Burmese 
towns, are mainly of light timber construction and arc practically 
earthquake proof. At Swa, however, Messrs. Steel Bros, k Co., 
Ltd., possess a saw mill, which is connected by a railway with 
their timber depot in the forest to the north-west. Most of the 
damage caused by the earthquake was done to this railway, or rather 
to the metre-gauge portion of it which lies between Swa and Tiu- 
dinyan, ton miles to the north-west. 

The Geological Survey of India is indebted to the officers of this 
Company for their courtesy in supplying accounts of this quake. 

ACCOUNTS FROM SWA. 

In a letter dated the 9th August, 1929, Mr. H. W. Grey of Messrs. 
Steel 'Bros, & Co.’s Swa Agency, reported to the headquarters of 
his firm in Rangoon as follows : — 

* A severe earthquake shook at 7-20 p.m, last night, followed by a succession 
of minor tremors, caused some damage to the brick casing oi our boilers and broke 
a steam pipe. To-day has been spent in making repairs and examining shafting 
which appears to be in good order. I understand that the metre-gauge track has 
suffered very serious damage and will advise you of its extent to-morrow as soon 
as I can get in touch with Mr. Hunt. We have been very anxious all day about 
the fate of Rangoon and are greatly relieved by news just to hand that no shock 
was felt. ’ 

Mr. L. G. Hunt’s report is summarised below : — 

The severe earthquake shock of the 8th instant did considerable damage to the 
metre-gauge track from the 4th mile to Tindinyan. Bail joints were pulled out. 
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breaking fish-plates and bolts. In places the track is tv/Istcd and bent. Culvert 
revetments have fallen in. La«*jo cracks ha\c formed on and nlongsido the track 
particularly at miles 4’ and 5. A big fill of earth oc(*uii^,d in the cutting near 
Gonrmngum le\^el crossing and four bildgLj weie })idly damaged. The Zobyiibin 
and Yeyayemyaung bridge 3 (7 inilcb north-'' 7 e’at of »Swa) will have to be rebuilt. 
The latter is like a camel s back, h iving bo^n pushed up about 2 feet in the centre, 
with the oross'piecca lilted iiom the piles. loaded truck-, wcie lilted olf the 
track and thrown on ore side at Gyogon. Sv vcial cooly huts collapsed. There is a 
large^ crack in the Gyogon spui hue, aLcut 100 i el long and 6 feet deep in places, 
running paraDcl to the slicam. dc.uif;gc uas done to tho narrow-gauge line. 

A note by Yr. E. il. ITaiiLoxi EJdJ, Superiiitendiag Engineer 
oftte same firm, is below: — 

Cutting Ko. 22, a’ out lailc is blocked. The track between A.\ and 6 miles 
has been thrown ladly out ol whgiiijacut. At me 2 >Iace it is 15 inches out in a 
length of 50 feet. h'ish-plu.ic b ivc f con broken and bolts bhcai'ed at eight difiorent 
plaoes. The ctccpjgc at on(‘ i>lace was OJ inches. Bad lisaUios have appeared 
at a num^r ol place* parallel to the track, efi.pteially between, miics 4] and 5. In 
this vicinity the lis^uit's aLo run diagonaTy under tho track. At the worst place 
they are 6 imho* wxdo aud 1 to 5 Awt doep.'' Cutting No. 2') collapsed. The revet- 
ment of the Kyailwuiig lidao wa.* sma^^hed. At the ICyathoung points, the track 
had ftimk and was out ot alignment. One of the longitudinal stiingers was lifted 
o£t the tenon of the bridge at mile 6. Tlie cutting at Zebyubyin fell in. The 
singers of tho Yeyayemyaung biidge wcie lifted bodily from the piles, moved 
sideways and brought to rest clear on tho top of the post tenons. The upper 
struoture of this bridge had to be completoly dismantled and re-orectcd. The 
revetments of the bridges at Thanbo, Koko, Tinwah and Tindinyan collapsed. 
At the Gyogon siding, two loaded metre-gauge trucks were t irne 1 complotely 
upside down. 

Mr. G. 0. Clieyiie,^ Biver Training Expert, Public Works Depart- 
ment, gave the following infonnation: — 

Bndge No. oOO, Bi mia Ttaihiravj, over the Svra Chaung. Of the iniin gu del's, 
one has nio\ ed 2.. iiiehcfa and th<» other 1^ inchoa, « total dispLiccment of inches.’ 

Another account from a »Swa ro^ilent stated that the .shojk was 
preceded by a deep ruiabliug sound and that tho vibaationi appeared 
to be from north to south. A bnck wall was thrown down, and 
the posts of sheds were loosened. Heavy furniture was moved 
about in the houses and in some cases knocked over. The first 
aaad most severe shock occurred at 7-30 r.M. and lasted about five 
seconds* Further slight shocks were felt throughout the night. 

The 8ub-Di\ isional Ohiccr of Tounf'oo, in relating his experiences 
of tho Pyu eartlifjitakes oi Docomba* Sid and 4th, 1931, recalled tbe 
fact that tho town oi Tliagaya was lacUy damaged in tho Swa earth- 
quake (Thagaya is four miles north of Swa), 
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Tharrawaddy. 


REPORTS FROM OTHER PLACES. 

The lollov'iiig telegram was ccooived at the Geological Survey 
OflBce in Rangoon ffoiu jJTr. Vf. E. Y. Ahraliam, Gcoloi^i-jt, Bmmah 

Nyaunghla, Tharra* C^o., Ltd., un August 0th, 1929 
waddyand Okkan. 

* Small earthquake felt at Nyaenghla la«l evening ct half-past seven. Was 
felt more intensely at Tharrawaddy and Okkan about the Sc«me time.’ 

Nyannghla is the rosidontial station cf the Biirmah Oil Co., Iitd., 
near Yenangvaung. Th*inaVvO(lly is the headquarters of tho diptriet 
of the same name and OkJren is a town in il^o Insein district, 12 
mlea to the south. 

According to an account in tl»e Ita/^goon (I'azdfe of Aucrist ISth, 
1929, an earthquake vas felt at Thanawaddv of 7-27 p,m., on August 
Sth. It caiL^ed hanging Irmps to swing vio- 
kutly and erodes fa<ing north and t*outh to 
stop. Xo damag? wa^^ cauted to luildings. 

The same newspaper stated tliat the shock wa^s [clt at the same 
time at Pairngdc in the Th’ome di'-trict, G1 miles K.X.IS'. of 
Paungde. Tl'arruwaddy. 

The Pvinmana correspondent of the Eavgron Gazelte of August 
lOtli, 1929, stated that a shpht clock occuiicd there on July 25th 
whi^h lasted a fevr seconds, while on August 
ynmana. about 7 P.il., a sev'cre quake lasting 

over a minute wus experiencej 

Tlie Yamethin correspondent of ihe Eovgoon Thves of August 
12tli, 1 929, WTote as follov's : — 

‘ The i-esident*a of Yamethin expcnenccd two earthquake shocks one after 
the other on ihe night of the 8th inet., which lasted about three minutes and were 
rather severe. Wooden buildings commenced to sway 
Yamethin. doors and windows rattled. In some houses the 

pictures on the walls were thrown to the ground. Others complained that 
certain of their possessions w^ere broken.’ 

The Associated Press of India reported that an earthquake of 
moderate intensity at its origin, about 1,500 miles away, was re- 
Bombay insinim- corded by the Bombay seismograph at 18 
hours 32 minutes on the 8th August. 


enial record. 


CONCLUSIONS. 


Judging from the damage to the metre-gauge railway, i3ie 
epicentre of the earthquake lay about six miles to the north-west of 



248 


Records of the Geobgical Suney of India. [ Vol. LXYI 


Swa, wHch, from such little geological evidence as is available, 
seems to point to the movement of a fault in the Tertiary rocks, 
more or less parallel to the boundary iault, rather than to action 
ol the latter itself, as the cause of the disturbance. It is believed 
that many of the later members of the same family of carthqualces 
originated in the same way. 

The extensive and deep fissuring of the ground, buckling of 
railway lines, breaking of fish-plates, shearing of strong iron bolts, 

„ „ ^ destruction of bridges and smashing of strong 

Collapse of halt.. , x • j* . • ^ 

masonry revetments, mdicate an mtensity over 

the restricted epicentral tract of degree X on the Kosa-I'orel scale. 

In Swa itself, an intensity of IX was probably reached *, in the case 

of Pyinmaua about 30 miles north, the details arc insufficient to 

permit the allocation of a figure, but as far away as Yamethin, 

83 miles to the north of Swa, the shock was stiU strong enough 

to sway buildings and to displace hanging objects. The intensity 

here is taken as between degrees VI and VII. 

The Swa earthquake, though it did not affect so widely spread 
an area, shares many features besides a common origin with the 
Pegu, Pyu and other later shocks— its sudden occurrence without 
any premonitory forelocks, its preceding noise, its short duration 
and its violence over a small epicentral area. In no common 
character, however, is this more apparent than in the manner in 
which the intensity died down or was damped out towards the 
west and south-west, compared with its greater endurance ov«c 
longer distances to the north. 

The two earthquakes, ‘ one after the other,’ reported from Yamethin 
are normal phenomena and do not lead to the supposition of a 
double shock at the epicentre. They are due to the different 
velocities of travel of the longitudinal (P) and the transverse (S) waves 
in the upper layers of the earth’s crust, which at a distance of 100 
miles would, according to seismological authorities, result in the 
S waves arriving 19 seconds after the P waves. 


APPENDIX. 


To complete the list of known Burmese earthquakes in 1929, 
advantage is taken of the present occasion to record the occurrence 
9 I 9 alight earthquake at Bangoon at 9 hrs. 0 inins. 16 secs, aju,, 
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Buxma Standaid Time, on Septembei 6th, 1929. Earlier local 
shocks of this series, which originate in local lines of weakness below 
the deltaic alluvium and are not associated with the movements 
of the instable zone mentioned in this paper, occurred on January 
14th and 15th of the same year.^ 

^ * The Bangoon Earthquakes of September aad I>eoomber, 1927,’ by J. Goggin 
BroTm, JRec, Qeol, 8v/rv. Ind*, LXll, p. 2^. 
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Note on an overlap in the Ngapr Area, Minbu 
District. By E. L. G. Cll'GG, B.Sc., Supcrin- 
ieiidenl, Geological Sitroey of InJia. (With Plate ro.) 


INIRODUCTION. 

In the BcoorJs of the Geological Survey of India, Volume XLI, 
pages 221-239, (1912), I'r. 0. dc P. Colttr Las dcsciibed tho 
Pcgii-Eocene succession of the Minbu district 
n ro uc on. Ngape. The isolated area desetibod, 

which, as the late Mr. E. W. Viedonbm’g stated, forms tiio hey 
to the Tertiary stratigraphy of Buima, was iuclnded in the diect 
mapping carried out by mo during tho field seasons 1921-22 and 
1922-23. During this pm-iod I was able to esoiniuo the area in 
detail, and tho stratigraphical ivsnlts obtained are ])iesentod to 
amplify those of Dr. Cotter, to -Rhose paper this present note forms 
a supplement. I have included a description of the Yinshe- 
Manaung basin, west of Kj^et-u-bok to the south, as tho structure 
is analogous to that of Sabagyidan and helps to explain the anom- 
alous stratigraphy of the area. The faults bounding tho eastern 
flanks of the two synclines are probably connected and continue 
to the south. 


OEOLOQY. 


Sabasridan. 


With reference to tho Ngape area. Dr. Cotter 
states : — 


‘ At Sabagyidan village vortical and eoutoited Uds aro aeon in the river see- 
tion, and it is probable that a fault should bo marked here. Whutliui there is a 
reduplication of tho rocks exx^used east ot i^ahagyidan or not, i am unable to say, 
but if this is not tho case, the inuuenbo thickness of the Eocene is a difScult matter 
to explain. ’ 

Detailed work in the area ^ows that Dr. Ootte/s surmise of a 
duplication of some of the rocks is correct and that immediately 
west of the site of Sabagyidan village (the village no longer ^isls), 
a small, diallow syndine, 2| miles long, occurs on a N. W.— -S. B. 
axis and is separated by strike faulting from the normal sequence 
to the east. On the south side of tho Man river, the trou^ of the 
syndine is occupied by thick, massive limestones in which foramin- 
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ifora ocoui ; on ihe noith side, the limestones Imve either been 
denuded away or have never been present, but a conglomerate 
which underlies the Umestones on the south side is seen also on the 
north bank of the chauvg. It is foosiliferous and contams nuznmulites. 
This conglomerate dips due east at 30° imder the pagoda 
immediatdy east of Thakutpin village, swings round to the east, to 
the north-east of the village, and then to the south-east, half a nule 
east by north of the same place. The dip increases along the 
strike until at the latter point it is at 80° south-west A similar 
band is foimd almost vertical and striking N. W. — S. E., one furlong 
west of Hill 676, half a nule south by west of Myeni. 

The con^omerate passes downwards into 60 to 100 feet of 
sandstones and these are underlain by Tabyin clays, characterised 
by calcareous Icntidcs showing cone-in-cone structm'e. Upwards, 
200 to 300 feet of sandstones are found; but these sandstones are 
not very well seen owii^ to the thick soil cap on the north side of 
the Man and the talus slope of limestone detritus on the south side. 

The conglomerate is of Pondaung sandstone age (Cotter’s * I ’ 
P. B.), and in the Sabagyidan limestone the forominifera include 
LepidocycMna Aephamtim, Lejpidocydma sp. and Heterostegvna sp. 
As this is the association found in the limestone of the Padaung 
clays to the east and as Lepidooydvna dephantina, an abnormal 
form, has never, so far as I am aware, been known to occiur in any 
formation other than the Lower Aquitanian, this limestone must 
be assigned to that horizon. It remains, therefore, to explain the 
fact that the sequence as seen in the Sabagyidan syncline is not 
more than 500 feet from the base of the Pondaung to the limestone 
horizon of the Padaung clays, whilst to the east, the some sequence 
is represented by not less than 5,000 feet of alternating strata. 

ITie Yinshe-Manaung basin lies to the west of the main Hwama- 
taung range four miles S.S.E. of that of Sabagyidan. It is charac- 
terised by a duplication of the Kyet-u-bok — 
ns e- aung area. Qiabmgyo limestone band, which is found to 

the west ; and the fauna of the band, a mixture of the species found 
in the ‘G’ band and the Kyet-u-bok band, conJBrms Dr. Cotter’s 
correlation of the ‘ G ’ band with that of Kyet-u-bok. 

The following fauna was obtained from it : — 

Cardium fheticegyinensu. Cotter. 

Oanlmm eutffkigiJe, Botiger. 

Orthop^ragmna omphaius, Exitsch. 
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Nummulitea dbesa, 

OpercwUna cf. oamalifera, d’Axcli. 

TeiBrna (Colpopc^ia) taammm, Cotter. 

AMeta {VohUospim) ammddei, Vred. 

DiscocytMna pafyracea, Boub., rac.javana, Veib. 

Ooscma JiunAerti (d’Axcb & Haime). 

Oorhula sp. 

CUamys Bp. 

Triton bp. 

Chama sp. 

Natioa s]>. 

Orihophragmvna sp. cf. iimhilienta, Deprat. 

Conus sp. 

XwriteUa sp. 

OrtkopMagmim ap. 

Fioula sp. 

Tius basra is also separated from tbe main sequence to tbe east 
by strike faulting, demarcated by a fault valley. 

The fossiliferous limestone band is overlain by bluish to fawn, 
fine-grained sandstones, which lie almost horizontally in the centre 
of the basin. It is imderlain by sandstones, generally fine-grained 
and of a fawn colour, reinforced by harder gritty and shelly bands, 
dipping into the basin from the west and south at from 25'’ to 30°. 

These sandstones axe underlain by clays (Tabyin-Laungshe shales) 
of the Faungyaung valley; but the thickness of the cotton soil 
capping tends to obscure the solid geology. 

To the north of the main basin, outliers of the limestone band 
lie horizontally, capping the high ground one and miles re- 
spectively to the north-east of Padan. 

In the main range below the Kyet-u-bok — ^Tabingyo horizon, 
approximately the same sequence is met as occurs east of the Saba- 
M^i range east ol £7^^ syncline further north, i.e., from the 

the Yinshe-Manaung Kyet-u-bok or ‘ G ’ band downwards : — 
batin. 

Shales. 

Sandstones. 

Shales with Imxticulax coal seams and oil seepages. 

Massive sandstones. 

These form the Yaw-Pondaung stage. Above the Kyet-tt-bok 
band ate alternating shales «id sandstones, the former predominating. 
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This scries passes right up to the Trrawadily bouadary aad ao 
limestones occur in it south of Padauug. 

The eastern, normal monoclinal sequence has a thickness of about 

5.000 feet from the base of the Pondaung to the Kyet-u-bok band, 
but that of the synclinal basin, in which the sliale series with coal 
lenticles and oil seepages is completely out out, is not more than 

1.000 feet. Hence a structure is obtained analogous to that of 
Sabagyidan. 

Sabagyidan and Yiii- 

«he-Manaung areas Comparing the two areas wc find : — 
compared. 

(1) Absence of the shale series with associated coal and dil 

in both basins. 

(2) Absence of the ^ Gr ’ or Kyet-u-bok band in the northern 

(Sabagyidan) basin and its presence in the southern 

(Yinshe-Manaung). 

(3) Absence of the limestone band in the Padaung clays on 

both flanks of the main range south of Padaung. 

Further, a section along a line through Kanni and Myegya, i.a., 
at right angles to the strike, only one mile soirth of the Yinshe- 
Manaung basin, shows that shales predominate locally throughout 
all the Tertiary rocks from the basal conglomerates to the Irrawaddy 
series. 

Two obvious explanations of the discrepancies in the thickness 
of the various strata of the synclines and of the main range are 
possible 

(1) A lateral thimiing in a westerly direction. 

(2) Overlapping due to marine transgression. 

The absence of the well-marked * G ’ band of the main range 
in the Sabagyidan syncline and its presence in the Yinshe-Manaung 
basin, and the absence of the shale series with associated coal and 
oil in both basins, whilst rather condemning the theory of lateral 
thinning, provides all the evidence necessary for the support of 
overlap due to marine transgression. Whether this overlap was 
continuous from the Upper Eocene throughout the Shwezetaw into 
the Padaung clay age, or whether two separate local overlaps took 
place, it is rather difficult to say; hut as the evidence from the 
Kanni-Myegya section shows that deeper water conditions prevailed 
and that a local deep probably existed south of the position of the 
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Ymahc-Maixaung synclino dturing the Koceue, Oligocono and Miocene 
^.eriodh the most suitable intorpreiation appears to bo that of an 
overlap from this area northwards and westwards owing 
to the gradual sinking of tliis local basin. The latter solntioir is 
the simpler as it involves the sinking of only one area ; whereas the 
former demands that of two contiguous areas separately, in 
succeeding epochs. 

EXPLANATION OF PLATE. 

PidiTE 10. — Qcologic.il Map of the Soatihein Kiid ot iho Nuamataung Bange, 
Minbu district, Burma. Scab 1 inch — 4 mih s. 
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MISCELLANEOUS NOTE. 

Note on an Ammonite from Ramri Island. 

So little is known of the Cretaceous deposits of Arakau, that the following 
fraftmentary notes which I found amongst the papers of the late Mr. E. 
V'redenburg seem worth publishing. 

Mr. Vredenburg has loft on some odd sheets of paper material for the 
establishment of a new species of s^mmoriite, A mnthoceras daviesi. 

The specimen cannot now be found, and the specific name is invalid, but 
it is important to note that an Acanthoceras has been found in the Cretaceous 
strata of Eamri Island. The specimen, it may be supposed, came into 
Mr. Vredenburg’s hands through Mr. H. J. Davies, who was then in the 
employment of the Burmah Oil Company as a geologist. 

Mr. Vredenburg says in the course of his notes : — 

* This ammonite belongs to the group of Acanthomas colerooneiise, Stol,^ 
and is particularly closely related to AeafUhocerasfookamm.^ In the Eamri 
species the whorls are relatively lower than in A. footeamm ; originally 
the umbilicus in the Eamri species appears broader ; the ribs are slightly 
more crowded, and much coarser, so that the tuberoulations, though more 
prominent, are much less individualised. The siphonal lobe is broader ; 
the first lateral lobe is situated more externally, that is, nearer the middle 
of the lateral surfaces, and consequently the second lateral lobe, instead 
of bebg internal to the umbilical tubercles as in A. footeamm^ is external 
to it. These dittcrencos in the septal sutures are principally due to the 
difference in shape of the whorls. Otherwise, the sutures are of exactly 
the same type in both species, and, so far as can be judged from the preser- 
vation of the specimens, the degree of denticulation is the same. 

* The solitary specimen of Acanthoceras damesi is canierated only to a 
radius of (blank in MS), and it is therefore uncertain whether the Eamri 
ammonite ever reached the enormous dimensions of the south Indian species. 
The main feature, characteristic of the suture of both species, is the enormous 
width of the first lateral lobe, a character, which, under the present system, 
of minute generic analysis, might be taken as sufficient for subgeneric sepa- 
ration. 

* Acanthoceras footeamm occurs in the middle division of theUtatur beds, 
and is therefore typically Cenomanian in age. The othei South Indian 
species of the group, Acanthoceras coleroonense occurs both in the lower 
Utatur (“ Traconnian or passage beds between the Gault and the Ceno- 
manian), and in the nodddle Utatur. So far as is faiown, the typical examples- 
of the group of Acanthoceras coleroomnse belong mainly to the Cenomanian,, 
and this may be taken as the age of the beds containing Acanthoceras daviesi* 


1 Pal Ind., 8er. I— III, Vol. I, PI. XXXVII, i - 6. 

PI. Zill, figs. 1 and 2. 
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Eocene rocks are known from Eamri Island,^ but tbe Upper Oretaceous 
4ias not been recorded* It would be interesting to know 'whether there is 
an unconformity between the Cenomanian and the Eocene in Baniri Island 
•or not. 

Gr. do P. Cotter. 


* Sir E. H. Pasooe, Mem» QeoK Sarv^ XL, pt. 1, p. 183, (1912). 
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FIQ. 2. VIEW OF THE GREAT HIMALAYA RANGE FROM BURZIL VALLEY. 

D N. Wadia, Photos. G.S.T. Calctiita. 
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U— INTRODUCriON. 

T his in(‘ih0(l <>f rWsilkMUon in llu' fiiVil. Hoviow of 

Miuohd Pi*(>(lu»*lion puidmhcd in (1 h‘*o LWofuf'i (VoK X’XKfl, 
1905), alihouoli ndiniUodly not ontircl/ satisfador y, still ihohoBt 
that (Mil 1)0 (lovisod under pn^soni (onditions. As I ho nioPiods of col- 
hotiii}.^, tlio lot, urns booome nu)ro ni*o(*jMo, and tho ninclnn^rv Mn])loyod 
for tlio pui'poMo nioro offioionl, Iho numhor of ininoiMls inoludod in 
Olass 1 — for whicli a(>()roA!mi1 dy Imi-iH^orthv tiiimjal roliims are 
avidlaldo inoroasos, and it. i". Iiojvd tlial l.ho ininorals of Cbss IT — 
for wliicdi roi^nlarly iwurriiu; and lull pariioulais (Mnnofc be procured 
-will in time bo reduced to very small number. In Ibe case of 
rnineials still e’t|doiteil <*liie(ly y priniitivo Indian, melliod'^, and 
Ibus formim* the ])asis of an in »lry eairicd on by ii lar^' numbin’ 
of poisons eacli wuvlcinj^ indepondenily and on a, very snuill r,eale, 
the <vdle(iiion of reliable statist icB is impossible ; the total error 
from year to ye<ir, however, is characterised hy some <loij;reo of 
(constancy, and tlic futures ohhxined nuy 1)0 aeco|)i<*d as a fairlv 
reliable index to the j^eneral trend of the industry, fn the case of 
f^old, the small indii^enous alluvial indusky eontribnt<'s such an 
insignificant portion to tho total outturn that the error from this 
source may bo regarded as negligible. 

The average value of the Indian rupee during the year 1931 was 
; the highest value roacbod was 6j and tho lowest 
I'.. The values for 1931 shown in the tables are given on 

tlie basis of 1 . 5M'/. to the rupee ; for case of caleulation, Cl has been 
taken to be equivahmt to Rs, 13'5 instead of Rs. 13-17. 

Table I shows the total value of miin'rals for which n'timis 
of ]m)(luctiou arc available for the years 1930 and 1931. The 
average figure for the quin(|iienniuin, 1919-33, was t2>,i9l,l 13. 
Tn the following year, 1921, there wa i mi apiMienl incicH* of 
over £3,500,000 ; this was, in part, however, due to the higher 
average value of the rupee during that year. Since 1921:, then' 
lias been a steady decline, which persisted down to i»]io year 1028, 
for whicli the value was £21,888,528. There was an arrest in this 
decline in 1929, which sliowed an increase in total value to £22,328,080 
or about 2 per cent, over that of 1928 In 1930, however, the 
decline was resumed and the total value of the prodmjbion fell by 
over £2,600,000 to £19,760,233, this continuing in 1931, by over 
£2j000,000, to £17,739,991. Of each of the tbirtoeii minerals with a 
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Table 1. — Total value of Minerals for whioh returns of production 
arc a/oaihible for the years 939 and 193 1. 


Coal 

Petroleum 
Gold 
Salt . 

Lead and lead-ore (ft) 
Building materials 
]yfanganese-ore (6) 
Copper-ore am’ matte 
Silver 
Iron-ore . 

Mica (c) . 

Tin-ore 

Zino concentrates 
Saltpetre (c) 
Tungsten-ore 
Nickel speiss 
Ilmenite . 

Jculeite (c) 

Clays 

Chromite . 

Antimonial lead 
Steatite . 

Zircon 
Gypsum . 

Refractory materials 
Barytes , 

Ruby, sapphire and 
spinel. 

Diamonds 
Puller’s earth 


Ochre 
Monazite . 
Pelspar . 
Apatite . 
Soda 

Serpentine 
Bismuth . 
Asbestos • 
Oolumbite 
Bauxite . 
Corundum 
Amber 
Garnet 
Antimony^or© 


Total 


1930. 

(£1= 

Rs. 13*6). 

1931. 

(£1= 

Rs. 13*6). 

Increase. 

Decrease. 

£ 

£ 

£ 

£ 

0,801,134 


. , 


3,888,727 


491,662 

.. 

1,384,090 

1,610,883 

1,->G,793 

.. 

943,808 



.. 

1,316,031 



406,145 

3,096,033 

831,741 

« . 

244,294 

1,200,236 

720,961 


473,282 

621,003 



113,822 

671,006 

387,361 


183,664 

360,928 



62,873 

662,0dtl 



264,738 

337,344 



77,638 

190 616 

127,669 



63,446 

73,414 



134,066 


. . 


63,790 

49,924 

. . 


32,993 

41,991 


• . 

16,187 



. . 

28,284 

26,615 

. • 

2,669 

64,266 

23,335 

. . 


26,296 

14,781 

. . 

11,515 

13,266 


. . 

6,266 

4,991 



. . 

8,408 

7,264 

, , 

1,154 

16,484 

6,108 

, , 

10,376 

3,671 

3,200 

, , 

471 

9,716 

3,175 

•• 

6,640 

6,373 

2,669 


2.804 

2,396 

2,642 

147 

. . 

6,277 

2,026 


4,261 

3,031 

1,918 


2,083 

140 

890 

760 

• 


247 

247 

• • 

“ 266 

7U 


187 

109 

31 


78 

6 

6 


. . 

24 

G 


18 

88 

6 


83 


4 

4 

• * 

\,490 



1,490 

162 



162 

54 



54 

13 

« « 


13 

4 

• • 


4 

19,760,233 


768,093 

2,768,332 

j 



— 2.010.239 


Variation 
per cent. 


—10-7 
+12-6 
+11*3 
+7*1 
— 30‘2 
—22*3 
— -39*4 
^ 21-8 
— 82-2 
—14-6 
— 46-3 
—23-0 
— 33*0 
+37-4 
—48-7 
—7-2 
+27-3 
-f61-2 
— ^9*4 
— G3-7 
— 43-8 
-41-0 
-f69-7 
— 13-7 
—67*0 
—12*8 
—67*3 

— 62*2 

4 - 6*1 

— 67*7 

— 61*6 

4 * 636*7 

-^ 70*3 

— 71*6 

— 76*0 

— 94*3 


-16*3 


(rt) Excludes ant imomallead* (6) Export Lo.b, values. (o) Export values. 

B 2 
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value of over £100,000 annually, large percentage falls in value are 
shown by mica (-Ib’S per cent.), manganeso-oro (39‘t per ceut.), 
zino concentrates (33-0 per cent.), silver (32-2 per cent.), load and 
lead-ore (30'2 per cent.), tin-ore (23*0 per cent.), building materials 
(22*3 per cent.), copper-ore and matte (21’8 per cent.), iron-ore 
(14:-6 per cent.) and coal (]0*7 per cent.), wlrilo increases are shown 
by petroleum (12‘6 per cent.), gold (ll-S per cent.) and salt (7*1 
per cent.). Of loss important minerals, saltpetae, jadeite, ilmenite, 
zircon, mnnazite, felspar, and fuller’s earth had increased oui^ut 
values, and all the rest decreased. An increase or decrease in value 
docs not always correspond to a similar variation in output, and 
oaimot, therefore, bo regarded as an iirfalliable indication of the 
state of an industry. But in 1931, in all cases except petroleum, an 
increase or decrease of value accompanied an increase or decrease 
of production. 

It is interesting to compare the changes in the figures of total 
value recorded in Table 1 with the variations in the average annual 
value of the leading metals and ores as summarised in Table 2. 

The number of mineral concessions granted during the year 
under review amounted to 351 against 414 in the preceding year. 
Of these 16 were quarry leases, 270 were prospecting licenses, 64 
were mining leases and there was 1 exploring license. This small 
total compared with the figure (714 mineral concessions) for 1927 
is an index of the decreased prospecting and private geolo^oal 
enterprise that accompanies a period of depression. 


Tabm 2, — Average prices in (he United, Kingdom of Prinoipd Meteds 
and Ores dmvng llte years 1930 and 1931. 






1030. 

1931. 





£ per ton. 

£ per ton. 







CSopper, standard ...» 
pig» soft foreign . 


« 

• 

64-67 

38-39 

• 

* 

* 

18-08 

13*03 

Spelter, ordinoty , . . . 

stpandard . . . , 


« 

t 

16-76 

l?-44 


* 


141-96 

118-46 

Pig-iron, CSevdand ITo. 3 


• 


3-35 

2*93 

Steel , , . . . 


e 


8-60 

8*37 

Perro-manganese «... 


• 


11-91 

11*26 

Gbld, fine, w otxnee 

Silver, stanoard, pear otinoe * 



9 

86-064«A. 

92*492eA, 



« 

17-462d- 

14*666i. 

Of €9 






OhiDixdte^ per cent, per ton • 

Idang^nese-ore^ &st grade, per unit 
Wolpeatn, jm pnlt 




£4-168 

13-U 

22-7S8h. 

£4*066 

ll^7d. 

I3*60e^. 







Paet 3.] 


Heron : Mineral Production, 193L 


261 


II,—MINERALS OF GROUP L 

Antimony. 

The production of antimonial lead obtained as a bye-product 
in the le^ refinery at the Namtu smelter of the Burma Corporation, 
Limited, decreased from 1,700 tons valued at Es. 3,64,9941 (£26,296) 
in 1930 to 1,606 tons valued at Rs. 1,99,645 (£14,781) in 1931. 
This product contains approximatdy 77 per cent, of lead, 21 per cent, 
of antimony and from 6 to 8 ozs. of silver to the ton, and is esported 
to the United States of America for further treatment. 

There was no production of antimony-ore in 1931 in the Amherst 
district, Burma. The output in 1930 amounted to 3 tons valued 
at Rs. 60 (£4) against 77 tons valued at Es. 988 (£74) in the previous 
year* 

Chromite. 

There was a great decrease in the production of chromite m India 
from 60,684 tons in 1930 to 19,913 tons in 1931, the production 
from all sources being about halved, except that from Hassan, which 
was only a seventh of that of 1930. The total exports from India 
during the year were, however, again below the production, amount- 
ing to 13,243 tons, made up of 7,708 tons from British India and 
6,636 tons from Mormugao in Portuguese India, as compared with 
22,498 tons and 7,480 tons respectively in the previous year. The 
decrease in production was accompanied by a fall in the value per ton 
from Rs. 17*1 in 1930 to Rs. 15-8 in 1931. 

Something like half the world’s supplies of chromite comes 
from Southern Rhodesia, which has now become the predominant 
source of this mineral. 


Table 3. — Quantity cmd value of Chromite produced in India dtmng 
the years 1130 and J93L 


— 

193a 

1931. 

Quantity^ 

Value. 

(£1=:B6. 13-5.) 

Quantity. 

Talno. 

(£1— Bs. lS-5.) 

BAwAistai^ 

Tons 

Bs. 

£ 

Tons 

Rs. 

£ 

Zhob . 

25,387 

3,77,980 

27,998 

12,189 

1,81,291 

13,^ 

Bihar A Oriwor-j 







^nghbhnm , | 

5,101 

99,222 

7,350 

2,749 

enjm 

2,760 

MysoreStale — | 
HafisaxL 

13,106 

2,26,975 

16,813 

1,888 

33,153 

%iS6 


7,090 

1,63,279 

12,095 

3,087 

63,313 

4,690 

Total 

56,684 


64,266 

16,913 

S,16,026 

23,336 
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Coal. 

Tlioxo waB a dewtaws diicunj* vlic year ol 2,0H(),(ii:j tons, or al'oul. 
8*8 per cent., in the oiupiiL oJ c(»aL TJuh dccivast' waH duo 1o 
Bengal, Bihar and Oiibba, JLlydeiabad and i\faraiii. 'I’hcro were 
meroases in the pioduction ot Ihe CciitiaJ i’roviucob an<l Central 
India, and leaser increases in the Panjab and l»ajput/.na, \.ith a trivi.al 
increase in Baluchistan, 'lliu decreases in Bihar and Orissa in 1930 
and 1931 must bo conuasted Aiviih the substantial increase recorded 
in 1929. It is mainly duo this year to heavy decreases o£ 503,062 
tons in Bokaro, oi 998,821 tons in Jharia, <uid a trivial decrease to 411 
tons in Daltonganj and to nd in Huiar, against a small increase in 
the Bajmahal Hills. All the other fields in this province showed 
dtcicases, except Giiidih, which increased in production from 013,533 
ions to 713,133 tons, the largest actual increase, and Talohcr, the 
production of which, increased from 68,973 tons to 142,312 tons, the 
highest proportionate in<a‘easc. Bokaro, which now produces 7-0 
per cent, of the Indian total, showed a largo decrease from 2,160,249 
tons to 1,660,597 tons, and Kai-anpura a small docreaso from 482,141 
tons to 461,078 tons. Jainti showed small increase, end Bumpur 
a small decrease, both of much the Sume amount. Tho Haniganj 
field, which lies both in Bengal and BiLti and Orissa, showed a 
large decrease amoxmting to 687,978 tons. In Central India there 
was a decease in the output from Umui'ia of 16,824 tons, wliich 
was much more than offset by a large increase of 50,619 tons from 
Sohagpur. In the Central I^ovincos Iheio was another substantial 
increase of nearly 10,000 tons in tlio output from the Bench 
Valley, as also of over 11,000 tons lioiu BoUarpar, and the initial 
production oi 3,617 tons from Korea in 1930, rose to 31,351 tons 
in 1931. In lly'duabud, the Biugareiii field was resymnsiblc for a 
decrease of over 0i,000 ions, and Sasti for an increase of nearly 
7,000 tons. 

In 1929 tho statistical position at tliu end of the yciix showed a 
very great improvement in spik of tho iuereaso in tho total output, 
sto^ in the six proviuues ui Assam, Baluchistan, Bengal, Bihar 
and Orissa, tho Central Provinces, and the Punjab, for wliieh such 
figures are available, showing a total reduction of 781,477 tons. 
In 1930 the smallor increase in production was not ucoompanied by 
another improvement in the statistical position, but by a E%ht 
worsening, namely an increase of stock amounting to 141,706 tons 
and in 1981 the position was rniuh less favourable, tho iuoreare 
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amounting to 428,334 tons, as is diown by tlio following 
data : — 


Year. 

Opening 

stock. 

dosing 

stock. 

Keduotion 
during year. 

1927 

1928 

1929 

1930 

1931 

Tons 

2,161,806 

1,721,288 

3,625,717 

844,240 

986,006 

Tons 

1,721,288 

1,625,717 

844,240 

986,006 

1,414,340 

Tons 
440,518 
95,571 
781,477 
(a) 141,760 
(a) 428,334 


{a) laoieawO of stocks. 


The decreased outjjai of 8-8 per cent, was accompanied by a 
decrease in the total value of the coal produced in India from 
Es. 9,26,26,323 (£6,861,134), in 1930 to Bs. 8,26,98,364 (£6,126,801) 
in 1931. 

There was a decrease in the pit’s mouth value per ton of coal 
for India as a whole, namely from Es. 3-14-3 to Bs, 3-12-11, a 
fall of Be. 0-1-4. This was the balance of large rises in four, and 
large falls in two. minor provinces and smaller falls in the three 
main lu'oducing proAunces. In the two great coal provinces, Bihar 
and Oik«Ja and Bengal, the value fell by Be, 0-1-0 and Be. 0-2-1 
respectively, and in the Central Provinces by Re, 0-3-b, On the 
Oiher iiaud the piice ro^o in Assam by Bs, 0-7-1 ; in Baluchistan 
by Ivh. 0-6-0 ; in Hyderabad by lie. 0-3-10 ; and in Central India 
by Be. 0-3-3 ; while in the Punjab it fell by He. l-3-lO ; and in 
Kajpuiana by Be. 0-10-4. 


Tabl]!] 4 . — Provincial production of Coal durmg (fic years ly3() and 1931. 


Trovinco. 

1930. 

1931. 

Increase. 

Beoreaso. 




Tons 

Tons 

Tons 

Tons 

Abbam 




276,021 


84,019 

Baluchibtan . 



15,894 

16,554 

660 

. « 

Bengal 


• 

0,316,528 

5,810,184 

• • 

506,344 

Bikar and Oribsa . 


« 

15,064,426 

13,532,794 

• , 

1,531,631 

Central India 


* 

193,233 


33,695 

.. 

Central Brovincos • 




1,004,381 

48,503 

• • 

Hyderabad . 



812,298 

757,676 


64.723 

Punjab 





4,221 

a » 

Bajpntana , 



35,128 

38,148 

3,025 

« • 

Total 

• 

2a,efe3,94s 

21,716,435 

90a04 

2,375,777 
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Tabijc B. — Ycdm of Coed yftod/uoei in India d/urmj the years 1930 and 

193,. 


— 

1030. 

1031. 

Viduo (£1^K8. 13 6.) 

Value 

per 

Ion. 

Value (£1=B«. 18*6.) 

Value 

per 

ton. 

i 

1 

Bs. 

£ 

Bs. A. P. 

Bs. 

£ 

Bs. A. P. 

Assam .... 

38,8Md2 

288,111 

10 13 4 


220,786 

11 4 6 

Balurlilstan . . 

1,22,049 

0,107 

7 11 9 

3,84,290 

0,948 

8 10 

Bengal .... 

2,49,40,010 

1,847,930 

3 16 2 

2,21,08,189 

1,042.088 

8 18 1 

BUwir and Orissa . 

6,62,33,360 

4,001,360 

3 10 8 

4,87,78,146 


3 9 8 

Central India 

7,80,764 

68,278 

4 12 

0,70,329 

71,876 

4 4 6 

Control Provinces . 

40,80,680 

302,030 

4 4 0 

40,68,074 

301,406 

4 0 10 

Hyderabad (a) . * 

30,88,647 

228,781 

3 12 10 

30,61,779 

220,798 

4 0 8 

Punjab .... 

3,07,300 

22,770 

6 12 


30,685 

4 18 4 

llajputana • . 

1,00,232 

11,869 

4 0 0 

1,49,491 

11,078 

8 14 8 

Total , 


6,861,134 

•• 

8,26,98,364 ^ 

6,126,804 1 

-• 

Average , 

•• 

■' 

8 14 8 

1 

1 

8 12 11 


(a) Ettinuttod. 


Tabib 6 . — Origin of Indian (Jodi raised during the years 1930 amd 

mi. 


— 

Avernixe of 
last five 
ypars. 

1930. 

1031. 


Tons 

Tons 

Tons 

Gk>txdWa»a ooalfteldg * • 

22.148, {K)2 

i 

23,342,372 

21,381,872 

Te^ry coalfielda • • . . 

420,239 

460,676 

384,663 

Toitt! 

A .... 

22, S49, 231 

23,803,048 

21,7X6,436 
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Table 7. — Output of Oondwcma Coalfidds for the years 1930 a/nd 1931 • 



1930. 

1931. 

— 

Tons. 

Per cent, 
of Indian 
total. 

Tons. 

Per cent, 
of Indian 
total. 

Bengat, Bihar and Orissa — 





Bokaro .... 

2,160,249 

9*07 

1,666,697 

7-63 

Baltonganj . 

1,569 

001 

411 

0-00 

Giridih .... 

G13.633 

2-68 

713,133 

3*28 

Hutar .... 

195 

0-00 

. . 

, , 

Jainti «... 

43,680 

0-18 

60,178 

0-23 

(Thaiia .... 

10,763,868 

46-18 

9,766,037 

44-92 

Karaapora . 

482,141 

2-02 

481,078 

2-13 

Bajxnalial Hills 

446 

000 

1,699 

001 

Ranipnr (Raigarh-Hingir) 

37,719 

0-16 

81,220 

0-24 

Raniganj 

7,218,691 

30-33 

6,630,713 

30-07 

Talcher 

68,973 

0-29 

142,312 

0-66 

Central India — 




Sobagpor 

03,088 

0-39 

143,007 

0-66 

Umaria 

100,145 

0-42 

83,321 

0-38 

Central Provinces^ 



Ballarpur 

211,980 

^•89 

223,025 

1-03 

Korea .... 

3,617 

001 

31,361 

0-14 

Pencb Valley 

740,391 

3-11 

760,016 

3-45 

Hyderabad — 



63,417 


Sasti .... 

46,808 

0-20 

0-26 

Singareni 

765,490 

3-22 

704.168 

3-24 

Total 

23,.?42,372 

98'i6 

1 21,331,872 

98^22 


Table 8. — Output of Tertiary Coalfields for the years 1930 and 193L 


1930. { 1931. 



Tons. 

Per cent, of 
Indian 
total. 

Tons. 

Per cent, of 
Indian 
total 

Assam — 





Ebasi and Jaintia Hills . 

1,006 

•) 

743 

"1 

Makom 

807,414 

y 1-51 

239,316 

y 1-27 

Haga Hills 

60,621 

j 

34,963 

J 

Bcdnchistanr-^ 





Ehost .... 

3,360 

■) 0-07 

3,821 

) 0-08 

Sor Range, Maoh, Kalat . 

12,539 

) 

12,733 

i 

Punjab — 





Jbelnm • . . , 

26,904 

1 

27,386 

I 

Mian'vaH 

20,011 

y 0-21 

22,831 

> O’ZB 

Sbabpnr 

3,704 

J 

4,623 

J 

Bajpuiana — 





Bikan«p: 

35,123 

0-16 

38,148 

0-18 

Total . 

469,576 

P94 

384,563 

!•?« 
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Tlio expojl biatibtiew lor coal LOIU fsliow a dccroabO ol 

aljoTit 20,000 toHh, which liowcxci ib only «Tl)oiit; ti 1hirto<‘irth o^ ihc 
]u*cviourt ycMi’s lall o£ over 261,(a)0 lonB, Ihe lolal cx])orlb of coal 
ami coke lallin^ from lOljltSH Iona lo 1^11,210 ions, 2,280 toim of tJie 
latter l)oin^ coke (,sre Table 0). Ibporfcb to Ilougkong ineroaKMl to 
89,127 tons as agaiiLst GJ,iS«S5 tons in tlic previous year. As before, 
the major portion of the c.\portc> went to Ceylon, wLieli took only 
J.13 tons IcHS tlian diu‘iiig tlie previous year. Kxporls lo tlie Straitb 
iSettloiiieiits (iuelucliug Labuaii) increased by nearly 4,000 tons and 
lo llie IMiili])])ine Islands and Giiani showed a snbfataiitial decrease 
of about 24,000 tons, 1'hc United Ivitigdoin took 10,785 tons 
against 27,587 tons in the previous year and otlior countries absorbed 
about 11,000 totis less. The export of coke increased by 1,004 tons. 


Taule 9, — MT/portsS to foreign ports of Indian Goal and Oohe duriy^ the 

years 193^/ and 'BSt, 


— 

1030. 

1081. 


Valno 15-6). 

Quantity. 

Voluo (fil^Bs, 13'6). 


Tons 

Bs. 

£ 

Tons 

1 Its. 

£ 

To— 







Coylon 

282,127 

34,20,204 

258,848 

281,684 

34,20,682 

253,384 

Uougkoiig . 

01,885 

6,00,008 

44,512 

80,127 

8,16,628 

60^401 

X^liillppliic XtiltuxdB aud 

45,558 

3,05,574 

20,302 

21.770 


13,381 

Guam. 







hirults Suitioiuditi (m 

25,031 

2,71,272 

20,310 

20,322 


22,Sb8 

dudiiig liulman). 







UtdUd Xi»{;dom 

27,587 

2,02,610 

21,008 

10,785 

01,062 

<V«07 

OUur luuatiK 4 . 

17,115 

1,70,352 

13,300 

0,275 

00,215 

1,007 

TOIAL 

i50,00G 

31,03,020 i 

382,1 to 

438, *>03 

48,S7,2SS 

302,021 

Cuko . . * • 

1,282 

21,888 

1,841 

2,280 

15,137 

3,360 

Tot&i ol ooal and ooke 

461,188 

ol, $7,917 




3$S,3S7 


This figure of exports, although the lowest for the 6 years (192G 
to 1931) during which the Indian Coal Grading Board has been 
established) is nevertheless double those of the five years preceding 
iibe eistablishjnent of this Board ; last year’s heavy fall must bo re- 
^Mkied aa ^ tefieefcion of the bad trading conditions. The following 
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table gives the amounts of diflecent grades of (!oai exporled »liiriiu> 
1930 and 1931 under the above soJiemo (including sc'a-bornc u).il 
for railways in Southern India, for wliieli no grade shiimienf certi- 
ficates were issued by the Coal Grafting Uoa,r<l) and wliown an incrca.M* 
of 92,935 tons in the present year, the difloi-onco bctvioou llie total 
amounts so exported (2,168,651 tons in 1931) and tlic total expofts 
of Indian coal to foreign ports given in Table 9 ('141.245) tons in 
1931) being the amount of coal exported to Indian ports. 


Table 10. — Exports of Coal under Grading Board (Jertijioaics dming 
Gie years 1930 and 1931. 


— 

1930. 

1031. 





Tons. 

Tons. 

Selected grade 

- 

• • * 


1,807,669 

1,080,021 

Qrade I 

m • 

• • • 

• 

263,196 

186,067 

Grade 11 

• • 

• • • 

- 


2,271 

Grade 111 • 

• e 

• • 4 

. 

019 

.. 

Mixed grade . 


« « • 

• 

3,336 

1,195 

Under reference 


« • • 


600 

•• 



Total 

• 

2,075,619 

2,168,564 


Imports of coal and coke showed daring 1931 a much greater 
fall, as they decreased from 217,029 tons in 1930 to 88,036 tons in 
1931 ; 11,949 tons of the latter consisted of coke (see Table 11). 
This &11 is dne to a decrease of some 138,000 tons from South and 
Portuguese East Africa, aU other ooimttieB lowing an increase, 
the principal being a rise of 12,000 tons from the United Kingdom. 
The total imports axe now less than a fifth of those of the pre-war 
quinquennium and Table 12, comparing pre-war imports and exports 
with the figures from 1926 to 1931, shows that the depression in tho 
Indian coal industry, which continued till nearly the end of 1928, 
can no longer be looked upon as attributable to the competitive 
effect of foreign imported coal. The average surplus of ^spearts 
over imports during the years 1926 to 1931 was, in fact, greater than 
the surplus during the pre-war quinquenniiun. 
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TABLiii n. — ImjMrts of Coal and Ool'e, during the years 1930 and 1931. 




iOilO 



1081. 






Quantity. 

value (£1 »Be. 18«6). 

Prom^ 

Tons. 

Hs. 

£ 

Tons. 

Ks. 

£ 

AnRtralla .... 

1,100 

20,800 

1,763 

8,400 

74,600 

6,625 

Portuguoflc Bast Africa 

5,001 

00,154 

7,122 

.. 

.. 

.. 

Uxdtcd 'Clngdom 

15,W»2 

2,31,810 

24.,7C6 

27,020 

6,27,640 

46,484 

Union of South Africa 

172,097 

;UI,85,718 

228,572 

80,441 


49,028 

Other countrloB 

4,0h7 

02,070 

4,043 

6,826 

84,422 

6,268 

TOTAL 

19S,3ia7 


200,800 

76,086 

14.60.677 

mm 

Coke .... 

18,702 

6,34J;90 

89,677 

11,040 

8,28,212 

■i 

Total o! coal and eoko 

dl/,029 


306,443 

88,016 

17,88,739 

132, m 


TabIi]!! 12 . — Exem of exports over imports of Coal. 


— 

Exports. 

Imports. 

Excess of 
exports over 
imports. 


Ttrns. 

Tons. 

Toms. 

Avoraflje for 1000-13 

814,475 

466,162 

348,313 

1926 

617,563 


423,656 

1927 

576,167 


332,664 

1928 

620,343 

210,186 

416,167 

1929 

726,610 

218,660 


1930 

461,188 

217,029 

244,169 

1931 

441,219 

88,036 

363,214 


Tho svecago m im ber of poisoua employed in the coalfields duzing 
the year showed a considerable decrease (6*1 per cent.) accompany- 
the greater decrease in production (8’8 per cent.). The average 
output per person employed, therefore, showed a decrease to 
126*4 tons in contrast with the advances up to last year, which have 
been 110*B tons for 1925, rising to 113*1 tons for 1926, 122*3 tons 
hi 1927, 12B'5 tons for 1928, 130*4 tons for 1929, and 129*1 tons for 
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1930. Except for tlio last three years, however, the figure for the 
year under review is higher than any previously recorded; these 
lii gTiflT figures are due, partly to an increased use of mechanical coal- 
cutters, and partly to concentration of work. During the past few 
years a large number of colheiies have been shut down and the 
labour absorbed in the remainder; this concentration permits of a 
proportional reduction of the supervising staff, resulting in a larger 
tonnage per head. There was a decrease in the number of deaths 
by accident from 227 in 1930 to 196 ; the latter figure is much better 
than the annual average for the quinquennimn 1919-1923, which 
was 274, and also below the annual average for the quinquennium 
1924-1928, which was 218. In addition, it relates to a production 
which is over a million tons in excess of the average for 1919-1923 
and nearly half a million tons in excess of the average for 1924-1928. 
The death rate was 1*1 per thousand persons employed in 1931, a 
little less than the figure for the previous year (1*2); the average 
figure for the period 1919-1923 was 1*36, and for the period 1924- 
1928 was 1*16. 


Tabls! 13. — Average nmiber of persons employed daily in the Indmn 
Coalfield-! during the yiors 1930 and 1931. 






Output 

Number 

Death 





per 

oi 

rate 

— 


1930. 

1631. 

person 

deaths 

per 1,000 





employed 
in tons. 

aoci^nt. 

persons 

employed. 

Assam . 


4,401 

3,533 

77-8 

4 

1*1 

B^uchistaDL . 


281 

261 

63*4 



Bengal . 


46,592 

44,642 

130*2 

66 

1*2 

Bihar and Orissa 


110,363 

102,115 

132*5 

109 

1*1 

Central India . 


1,615 

1,861 

122*6 

2 

1*1 

Ceniral Provinces 


i 7,672 

0,188 

109*9 

16 

1*6 

Hyderabad 


' 11,761 

10,501 

72*1 

9 

0*9 

Panjt^b . 


66 1- 

985 

66*7 

2 

2*0 

Bajpnlana 


131 

149 

266-0 

•• 


Total 

184,379 

173,175 

•• 

196 

* • 

AffBmge 

•• 

i 

m^i 

\ 

•• 

1>1 
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Cobiitt {see Nickel). 

Copper. 

Tlie pro8»*oR«» ol work oi tlic Mosakoni Mine of the Indian Copper 
Oorporaiion, Titd., in Llio SingLblniin dist.iiot, and on the milling 
and smelting plant at Manhhandar, near Clialsila, Bengal Nagpur 
Bailway, Las heen noticed in previous reviewi. Opeiations com- 
monned on a levenue basis on Jamiaiy Ist, 1929. During that yoai 
the ore prodiiccd amounted to 70, Sill long tons valued at 
Rs. 14,58,7 1() (£108,802). Of tliLj 76,171 short tons were treated 
in the mill and Sxiieltoi, with the pi uduction ol 1,035 long tons of 
tefinod (*opper ingoh«. and slabs. The copper was sold eutirelv in 
India at an average price of lis. 1,200 per h»iig ton. In J93(» the 
output incicnsod to 123,749 long ions copper-ore valued at 
Its. 21-,35,571 (£180,413). Of this 131,162 short tons were treated in 
the mill and sjtielter and 1,625 shoit tons sent direct to the smelter 
with the production of 2,9 <4 long tons of refined copper of which 
2,157 tons were sold in the Indian market and 540 tons were consumed 
in the new rolling mill, wliich was completed in July 1930, with the 
production of 712 tons of yellow metal (brass) sheet, which found a 
ready market in Calcutta. 

Operations continued uninterruptedly diuing the year 1931 at 
the Mosaboni Mine and at the works site at Moubhandar. The 
mine output increased to 163,636 long tons of copper ore valued at 
Rs. 22,71,940 (£168.292). 161,563 shoii tons of ore were treated 
in the inill and production of refined copper amounted to 4,069 long 
tons. 2,462 tons were consumed in ilie rolling mill and 1,668 tons 
vere sold in the Indian market ^t an avej*age price of Rs. 073 per ton. 
Operation*^ in the rollina mill resulio I in the procluotion of 3,037 tons 
of y(‘llow m^ual, of wlii<‘Ii 3,013 weie soLl in India at an av(‘rni»(‘ 
price of Rs. 719 per ton. 

The total ore reserves at the close of the year 1931 amounted to 
091,942 short tons with an average assay value of 3*249 pee cent, of 
copper. 

There was a considerable decrease in tlie pioduotion of copper- 
matte at the Namtu smelting plant of the Burma Corporation 
Limited, from 17,146 tons in 1930, valued at Rs. 45,97,974 (£340,690), 
and averaging 41*91 per cent, of copper, 28*01 per cent, of lead, 
and 69-86 ozs. of silver to the ton, to 13,437 tons valued at 
Rs. 32,25,003 (£238,889) in 1931, averaging 43*54 per cent, of copper, 



Part ?>.*] ITeron : Mimtal Pioihiclion, 19!iL ?7] 

27*77 per cent, of learl, and 81-37 ozs. of silver to ihc^ ton The 
decrease in total value was due, ot eoui^’o, to l!io heavy ftdls in ilie 
pi ices of metals duiino the 

Diamonds. 

Tlie producbioTi of di'^monds in Pential India fell from 1,321*^ 
caraK valued at Ps. 72,533 (fh,373) in 1930, (o (539 caxits valued ai 
Pb. 31681 ("*2 369) in 1931. Of llus Ltter production 371*8 carals 
weio prothu 4 m Paiine Stale and ihe remainder in (Mnrdhaii and 
A] donh. 

Gold. 

The gradual secular decline in the total Indian gold production 
was sliuhlly arrested, the increase being from 329,232*3 o;?s. valued 
at Es. 1,86,85,211 (£1,384,090) in 1930 to 330,488*8 ozs. valued at 
Rs. 2,08,01,943 (£1,540,885) in 1931, almost the whole of this increase 
being due to the Kolar goldfield. The small production in Singh- 
hhum ceased, that from Buracn was ilmosr halved, and from the 
Punjab and United Provinces doubled, bnfc these figures are quite 
insignificant comnarel with KoHr. The consideiible increase in 
the value of he T)ioduetioii ues Ire in part to the appreciation in 
price of gold, agonist stedi tg or rupees, dining the bsb quarter of 
the year. 

Of the five mines producing gold on the Kolar goldfieLl, the two 
ioep^sT, iranelv Chimpion Eeef and Oo^eguin, reiched vertical 
d ‘pliis of 7,09o feet and 7,053 te'^t, rcspeclivelv, below field datum, 
on the 31st of Deoembei, 1931, A giatifvmo feature of the develop- 
ments in depth is the continuitv of the reef and Uie opening np of 
bodie-» of pavahl^ ore. The dip of the reef is almost vertical in the 
lower levels. The ore is not refractoiv and yields ils gold to a simple 
combination of amalgamation and cyanidmg ; ‘ all-sliming ’ is gradu- 
ally becoming general and battery phte amalgamtation is being 
eliminated. Tire loct temperature at the 7±th level, Champion 
Reef Mine, was 125*7®F. Owing to ihe great depths of these mines 
and the high rock temperatures, the problem of ventilation has been 
an extremely difficult one. It has been solved to some extent by 
sinking deep smooth-lined vertical shafts and by an extensive use 
of large elecnicaUv-cliiven fans to help the main air currents. A 
large volume of air is constantly kept in circohibion by these fans, 
ins^ahel in convouicn^ places in thc^ main airways. brick and 
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coneTohe-liiiod sLafls and w’mzoa, witicli avo iMnuin^ nu)rc ajid more 
intn ^o<>u(‘ ill (lr(*|) lcni‘l inininu ii' iliia lit'ld, (*oiMidcial)ly aasLsfc Uie 
fw niovohjoui. mal uulvmhi* ilia nuailniinn ni h\w niv liy loduring 
friaiiou. The Hhafta iheniisolves ai*<* eleaiiei* aaal h'jns liable to <huuai;o 
by uock-bunstrt. The even vviih the iinprovecl and moio rigid 

forniH oi support, adt^plecl in pluee of the usual limbi liug and waste- 
loek filling, are still a source of anxiety and at times <*aiiso consider- 
able (iaijuagc to underground workings. 

The average number of persons employed on tlio Kolar gold- 
field during 1931 w'aa 18,388. 


Tablk 14 . — Quantity anil value of OoU ^produced in India during tJis 
years 1930 and ]931, 




1030. 



1031. 




Quantity. 

V.auo (£1 ns. 13-5). 

Quantity. 

Value (£1 — 

Rs. 18-6). 

LalK>ur. 


OiiS. 

Re. 

£ 

Ozb. 

IIP. 

£ 


Bihar and 

OrisM^ 







Blagbhhum . 



111 

.. 

** 

.. 

*• 

Burmet— 








. * 

44*8 

3,225 

230 

18*8 


76 

1 

Upper OUn- 
dwln. 

14'8 

1,225 

91 

18*0 

060 

71 

•• 

Mi/8ore » 

829,188*9 

1,86,78,794 

1,888,016 

830,48?'6 

2,07,90,131 

1,640.676 

18,888 

jpui0ab . 

6-0 

80? 

27 

10*0 

588 

48 

48 

United Provlneea 

1-9 

100 

7 

4-5 

264 

20 

10 

!fotQl 

C20.S0S-3 

1,30,30, m 


.A48>S 

2,08,01,913 

1,510,885 

18,417 


llmcnite* 

There was an increase in the iiroduction of ilmcnite in the Travan- 
coie State from 28,776 tons valued at £32,993 in 1930 to 36,166 tons 
valued at £41,991 in 1931. This mineral is collected with, the 
monazitc sands and, up to a few years ago, was looked upon as a 
bye-product of the monazite industry. Recently, the increasing 
demand for the titania in the ilmonite appeared to have caused a 
resuscitation of the monazite industry, which had been adversely 
affected by tho increased use of electricity for lighting purposes; 
but in 1930 the increase in the output of ihnenite was accompanied 
by a heavy fall in that of mona 2 dte. 







Pabt 3.1 


Heron : Mineral Production, 1931. 


273 


Iron. 

For some years up to and including 1929 the production of iron- 
ore in India had been steadily increasing; India is now, in fact, the 
second largest producer in the British Empire, and yields place only 
to the United Kingdom. Her output is of course still completely 
dwarfed by the production in the United vStates (over 58 millio n tons 
in 1930) and France (nearly 49 million tons in 1930) ; but her reserves 
of ore are not much less than three-quarters of the estimated total 
in the United States, and there is every hope that India will eventu- 
ally take a much more important place among the world^s producers 
of iron-ore. In 1930, however, the prevailing depression was re- 
flected in a decrease in the Indian output over the previous year of 
23*8 per cent, amounting to 678,930 tons, followed by a further fall 
of 224,742 tons (12*1 per cent.) in 1931. The figures shown against 
the Keonjhar and Mayurbhanj States in Table 15 represent the pro- 
duction by the United Steel Corporation of Asia, Ltd., and the 
Tata Iron and Steel Co., Ltd., respectively. Of the total production 
of 588,290 tons shown against Singhbhum, 416,929 tons were pro- 
duced by the Tata Iron and Steel Co., Ltd., from their Hoamundi 
mine, 4,911 tons by the Bengal Iron Co. Ltd., from Ajita and Mac- 
lellan mines, and 163,300 tons by the Indian Iron and Steel Co. Ltd., 
from their mines at Gua ; the remaining 14,144 tons were produced 
by another firm. Tlie output of iron-ore in Burma is by the Burma 
Corpoiation, Limited and is used as a flux in lead smelting. 


Table 16. — Qua^itifi/ and valve of Iron-ore produced in India d/wfing 
file years 1930 and 1931. 



1030. 

1 1931. 


Qu mtity. 

r-r , . 

Value (€1 = 

Kfi. 13*6). 

Quantity. 

Value (£1-Ba. 18*6). 

Bihar aw' Orissa — 
Keonjhar . 

Havmbhftxij 

Pori .... 
SambalpTir , 

Slnghbhnm 

Tons 

21.000 

650,303 

C 

1,009,435 

IIS. 

31,13G 

19,78,176 

4.5 

20,20,248 

£ 

2,806 

146,682 

3 

191,002 

Tons. 

109,841 

901,246 

9 

688^200 

its. 

1,09,841 

27,08,788 

12 

12»‘^,82& 

£ 

8.136 

200,277 

1 

98,728 

Burma — 

'Northern Phan StatM . 
Central Pro* . 

33,4.58 

026 

(ff> 1,33,832 
2.776 

0,918 

206 

1,886 

763 

(a)7,544 

2,280 

559 

170 

21adra ^ — 

EastG<^\atI . 

8V,500 

1.06,420 

7l876 

4,320 

18,619 

2,697 

67,801 

192 

4.992 

latfil 


i8,V2,S2f 



41,68,737 

308,053 


(a) Bstfinated. 


0 
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In contrast with the prececling year there was a rise in ihe total 
Output of iron and steel by the Tala Iron and Steel Co. at Jamshed- 
pur. The production of pig-iron rob^ fiom 095,023 tons in 1930, 
to 799,545 tons in 1931, with increases in llie production of steel 
(including steel rails) from 427,035 tons in 1930 to 439,134 tons in 
1931, and of ferromanganese from 4,576 tons in 1930 to 14,366 tons 
in 1931. The production of pig-iron by the Bengal Iron Co. fell 
from 103,929 tons in 1930 to nothing in 1931 ; their output of 
products made from their pig-iron in 1931 amounted to 28,211 tons 
of sleepers and chairs, and 32,760 tons of pipes and other castings, 
against 3,153 tons and 34,833 tons, respectively, in 1930. The 
Indian Iron & Sted Co. decreased their production of pig-iron from 
364,772 tons in 1930 to 243,214 tons in 1931. The output of pig- 
iron by the Mysore Iron Works fell from 20,668 tons in 1930 to 
16,677 tons in 1931. The total production of pig-iron in India fell 
from 1,176,292 tons in 1930 to 1,058,336 tons in 1931. 

The total number of indigenous furnaces that were at work in 
the Central Provinces during the y^ar 1931 for the purpose of smelt- 
ing iron-ore was 106 against 124 in the previous year ; 63 furnaces 
were operating in the Bilnspur district, 49 in Mandla, 3 in Eaipur, 
1 in Saugor, with none in Drug or Jubbulpore. 

With the decrease in the production of pig-iron in India recorded 
above, the quantity exported fell heavily from 502,629 tons in 1930 
to 318,694 tons in 1931. Table 16 shows that Japan is still the 
principal consumer of Indian pig-iron, and the proportion rose from 
40 per cent, of the total exports in 1930 to 49 per cent, in 1931, 
though the actual amount fell by 22 per cent. Exports to all other 
countries fell by about half, except to Germany, to which a rise of 
about 40 per cent, took place. There Vv’as a fall in the export value 
per tou of pig-iron from Rs, 41*2 (£3*05) in 1930 to Rs. 35*1 (£2*6) 
in 1931. 

The Steel Industry (Protection) Act, 1924, Act No. XIV of 
1924, authorised, to companies employing Indians, bounties upon 
rails and fishplates wholly manufactured in British India from 
material wholly or mainly produced from Endian iron-ore and 
complying with specifications approved by the Railway Board, and 
upon iron or steel railway wagons, a substantial portion of the 
component parts of which had been manufactured in British India. 
This Act was repealed by the Act No, III of 1927 and the payment 
of bounties consequently ceased on the 31st March 1927 ; the 
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industry is, however, protected to a certain extent by varying tariffs 
on different classes of imported steel. 


Tadle U).- EcfOih cf Pig-hon from Indio during the years 1930 

and 1931. 


, 

1930. 

1931. 


Quantity. 

Value (£l»Rs. lS-5). 

1 

Quantity. 

Value (£1*B9. 18*6). 

To— 

Jai>an 

United Ktn^tdom 

United btUe^ oi \mo- 
rua. 

Other countrlf^s , 

TOTiL 

Tons. 

10,307 

201,997 

116,702 

108,024 

04,639 

Bfl. 

4,L7,138 
85,60,869 
17,75,685 ! 
48,32,192 

25 94,174 


Tons. 

14,662 

157,116 

61,000 

00,121 

35,306 

Rs. 

6,09,871 

56,82,387 

17,92,440 

21,16,622 

12,48,297 


502.689 

2,06,99,068 

2,633,268 

318,694 

1,12,93,967 

899,108 


Jadeife. 

There was a substantial increase in the output of jadeite, which 
rO'»e from 1,499 cwts. valued at Es. 3,66,487 (£27,147) in 1930 to 
2,765 cwts., valued at Rs. 7,72,S6(' (£57.249), in 1931. The output 
6gures are liable fco be incomplete, and a more correct idea of the 
(ixrenl of the Burm#=^se jadeite industry, especially of values, is sojne- 
limcs obtainable from the export figures. Exports by sea rose 
from 1,475 cwts. valued at Rs. 2,18,522 (€16,187) in 193C-31 to 
2,500 cwts. valued at Rs. 3,62.261 (£26,091) in 1931-32. These 
shipmento were entirely from Burma. Exports from Burma by 
land during the year amounted to 61 cwts. only. 

Lead. 

The production of lead-ore at the Burma Corporation’s Bawdwin 
mines in Burma decreased from 529,814 tons in 1930 to 397,679 
tons in 1931, and the total amount of metal extracted decreased 
from 79,730 tons (includinir 1,700 tons of antimonial lead) valued 
at Rs. 1.86,04,616 (£1,370,712) to 74,785 tons of lead (including 
1,505 tons antimonial lead) valued at Rs. 1,28,88,270 (£964,687) 
in 1931. The quantity of silver extracted from the Bawdwin ores 
fell from 7,054,206 ozs, valued at Rs. 76,87,674 (£569,467) in 1930 
to 5,900,400 ozs. valued at Rs. 51,97,367 (£384,990) in 1931. The 
value of the lead per ton fell from Es. 232-1 (£l7-2) in 1930 to Rs. 
172-3 (£12-8) whilst the value of the silver fell from Es. 1-1-5 (19-37d,) 
in 1930 to Rs. 0-14-1 (15-64d.) in the year under review. The 
ore reserves in the Bawdwin mine, as calculated at the end of Jxme, 
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1931, totalled 4,233,120 tons, against 4,265,666 tons at the end 
of June, 1930, with an average composition of 25*6 per cent, of 
lead, 15*3 per cent, of zinc, 0*76 per cent, of copper,^ and 20*1 ozs. 
of silver per ton of lead. Included in this reserve are 111,000 tons 
of copper-ore, the average composition of which is 5*0 per cent, 
copper, 14*0 per cent, lead, G*0 per cent, zinc and 16*0 ozs. of silver 
per ton of lead. The most important features of development work 
during the year were the intersection ol the Mcingtha lode, 40 feet 
wide, on i\^o. 4 level and its location at the horizon of No. 1 level. 
Developments in it resulted in 277,000 tons of ore being added to 
reserve, and in the Shan lode, in the addition of 140,000 tons re- 
serve ore. 

Magnesite* 

The output of magnesite from Salem district, Madras, and 
Mysore State, fell to about a third of its 1930 amount. The total 
decrease in output in India amounted to 11,190 tons, accompanied 
by a decrease in value of Its. 57,391 (£4,251). 

Table 18. — Quantity and value of Magnesite produced i/n India 
during the years 1930 and 1931. 


Manganese, 

Before the year 1926, the record j^roduction of manganese-ore 
in India took place in the year 19u7, when 90ii,291 tons were raised. 
In 1926, the output rose to 1,014,928 tons, valued at £2,463,491 
f.o.b. Indian ports ; the rise in output was, however, accompanied 
by a decrease in value. In 1927 the production rose to the highest 
figure yet recorded, 1,129,353 tons, accompanied by a rise in value 
to the peak figure of £2,703,068 f,o.b. Indian ports. During the 
year 1928, the upward tendency was not maintained, the output 
failing to 978,449 tons valued at £2,198,896 to.b. Indian ports. 
In 1929, the output rose again slightly to 994,279 tons, but the 


1931. 

Quantity. Value (Zl^Bs. 13-6;. 

Tons. . Us. £ 

^ 4,978 . 21,640 1,696 

356 ' 6,808 430 

5,333 ^e7iS48 2fi26 


Quantity. Value (£ls=JEU. 13*6). 


Madras — Tons. Bs. 

Salem . . 16,663 67,978 

Myaorsi^taie . 960 J 6,701 

Toxix. . 16,523 84,7S0 1 
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value fell heavily to £1,571,030, and in 1930 the output fell subs- 
tantially to 829,910 tons \7ith a heavy fall in value to £1,200,230. 
In the year under review a still more serious fall took place, to 
537,811 tons with a value of £726,951. The decrease, totalling 
292,102 tons, was distributed over all producing districts, except 
Sandur and Keonjhar States, which showed a joint inciea&e ol 
some 6,000 tons, with a trifling increase from Chitaldriig, Produc- 
tion ceased from Bonai, Chhota Udepiu, North Kanara, Cuddapah 
and Tumkur. 

In 1921, first-grade ore, c.i.f. United Kingflom ports, fetched 
an average price of 22-9d. per unit, in 1925 this price fell to 21*5^., 
in 1926 to 18*li., in 1927 to 18-ld., in 1928 to 17-0(?., with a hcav}^ 
fall in 1929 to an average price of ]4’0^/. per unit. In 1930 the 
price fell to 13'ld. per unit, that is to the post-war lower governing 
price of maugauese,^ with an index figure of cost of supplies and 
services of 1-4.5, and in 1931 to 11-8^. per unit. This continued 
fall in the price of manganese-ore from 1924 to 1931 is to be cor- 
related with the fact that from 1924 to 1927 the rate of increase of 
the world’s production of manganeso-ore was much greater lhan 
the rate of increase in the world’s production of pig-iron and steel. 
And although there was a fall in the world’s output of manganese- 
ore in 1928, there was a very large increase in 1929, greater than 
was justified by the increased prodxiction of iron and steel in that 
year, and it is evident that the world’s available supplies of man- 
ganese-ore are now much in excess of requirements. Russia, by 
non-cconomio methods of exploitation and finance, is able to pdaee 
large quantities of ore on the market at a prVe well below both 
the critical figure of 13* In?, referred to above and also l^elow any 
revised figure allowing for the fall in index figures. At the end 
of the year the price of Russian ore was reduced to 9(f. (sterling) 
c.i.f. per unit, a figure with which India cannot compete, and tlio 
Indian trade has sufEered severely. The large deposits of high- 
grade manganese-ore discovered near Postmasbuig in South Africa 
are also being developed, and it may be anticipated that eventually 
South Aufrica will secure a substantial portion of the world’s markei. 
It is not surprising, therefore, that in spite of the apparent pros- 
perity of the Indian manganese industry in 1929 and 1930 as judged 
from figures of production and exjjort, yet by 1930 the indufet*\ 
as a whole had arrived at a stage of relative deprebsion, caubiiig 

* See Bee. GeoU Surv Itid., Vd. LXIV, p. 192 (1030}* 
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many operators to cease work, and conditions were still worse in 
1931. 

The present chief sources of production of manganese-ore are 
now India, Russia, the Gold Coast, Plouth Africa, and Bra^.iL 

There is a steady consumption of manganese-ore at the norks 
of the three principal Indian iron and steel companies, not only 
for use in the steel furnaces of the Tata Iron and Steel Company, 
and for the manufacture of ferro-nDanganese, but also for addition 
to the blast-furnace charge in the manufacture of pig-iron. The 
consumption of manganese ore by the Indian iron and steel industry 
in the year under review amounted to D3,037 tons, against dC,099 
tons in 1930. 


Table 19.~ Quantity and lalue of Manganese-ore produced in India 
during the years 1930 and 1931. 


— 

1930. 

j 1931. 

Quantity. 

Value f.o.b. 
at Indian 
ports. 

Quantity. 

1 Value f.o.b. 
at Indian 
ports. 

Bihar and Orissa — 



Ions. 

£ 

Tons. 

£ 

Bonai State 



165 

171 



Keonjhar State . 

, 


37,356 

38,751 

39,665 

40,987 

Smghblnim 

• 

' 

11,203 

17,614 

7,938 

12,370 

Bombay-- 







Belgaum . 

• 

, 

2,306 

3,711 

474 

739 

OhlLota Udeiiiir . 

« 

, 

3,684 

5,080 



North Kanara . 



4,500 

7,087 : 



Panrh Mahala . 

• 

• 

36,542 

67, ©.iS 

31.184 

48,596 

Osniral Brovinces — 







Bala^hat . 



220,018 

370,364 

119,466 

198,116 

Bhandara 


, 

150,133 

252,724 

82,999 

1 137,640 

Ghhindwara 


. 

27,170 

45,735 

16,404 

27,203 

NagpTip , 

• 

• 

106.023 

260,956 

83,476 

138,429 

Madras— 







Bellary 


. 

3,470 

2,646 

44 

34 

Cuddapah 


, 

50 

38 



Sandm Stats . 


, 

145.961 

111,295 

149,833 

lV7,369 

Vizagapatam . 

• 

• 

13,213 

11,286 

5,389 

4,670 

Mysore — 







Chitaldrag 



241 

196 

425 

351 

Siumoga . 



18,283 

14,779 

548 

462 

Tamhar • 

• 

• 

278 

222 

•• 

•• 

Total 

• 

%29,946 


637,844 
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Exports, inclucling the quantities exported Iroui Morniugjio m 
Portuguese India, fell from 773,026 tons in 1930 to 417,957 Iotjs 
in 1931. Table 21 shows tlie distribution of xnangancso-ort exported 
from British Indian ports (excluding Moimugao) during J9»‘’0 and 
1931, from which it will be seen that the United Kingdom with 
a fall in hnports ol over 100,000 tons, has again given place as chief 
importer of Indian maaganese-orc to Erance, which, however, showed 
a deerease ol about Il9,000 tons. Belgiuxu again showed a largo de- 
crease of some 50,700 tons, and the J^elherlands ol 8,000 lont>, whilst 
the ijnports oJ Italy iell to ml. (Germany showed a decrease ol 
sonic 20,000 tons and (iio United iitatos of some 15,000 tons. Outlier 
countries dccieased their takings by about 33,000 ton?. 

Table 20.- Expo) Is of Manganese-ore dming 1930 and 1931 according 

to ports of shipment. 


Port. 1930. • 1031. 


Tons. Tons. 


Bombay 297,738 88,681 

Calcutta 300,211 1 163,636 

Madias 4,600 4,331 

Biormogao (Portuguese India) 170,677 1171,410 


Total . 773,026 417,967 


Table lixiwrU of Manganese-on^ from Bmlisk Indian ports dining 
the years 1930 and 1931. 

I 1030. I 3031. 


QiKuiti(y. Value 13>5). Qu«mtit>. Value (fii-Ls. 13*B). 


To- 

United Kingdom 

Toob. 

tai,bus 

Bb. 

40,71,701 

£ 

308,279 

Tons. 

01,313 

Bb. 

17,02,650 

£ 

132,788 

Germany . 

24,300 

7,78,746 

67,685 

4,240 

1,28,770 

9,589 

Ketherlanib 

11,500 

3,84,000 

28,444 

3,500 

1,29,376 

0,583 

Belgium 

05,205 

29,84,938 

217,403 

41,500 

12,77,476 

04,028 

ITranuo 

205, 8S7 

54,11,728 

400,809 

00,009 

20,43,310 

151,356 

Italy .... 

020 

15,000 

1,155 

.. 

.. 

... 

United Stateb of 
America. 

Other coontnes . 

54,000 

30,032 

15,04,500 

10,81,769 

118,111 

80,131 

38,970 

7,016 

11,70,800 

1,77,290 

86,720 

13,133 

Tom 

^02,449 

1,71,73,041 

1,27U,077 

246.647 

07,19,677 

49l7o3 
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Micau 

There was a large fall in the declared production of mica from 
52,727 cwts. valued at ils, 26,68,986 ^(£197,703) in 1930 to^ 38,963 
cwLs. valued al Jds. 20,37,634 (£160,935; in 1931. Last year’s was 
the highest production yet recorded, with the exception of those 
of 1918 ^53:,710 C’wfcs.) and 1929 (63,231 cwts.). As Las been Jj*e- 
quentiy pointed out, the output hgures are incomplete, and a more 
accurate idea of the size ot one industry is to be obtained from the 
export rigures. In tiie years 1928 and 1929 the quantity exported 
was more than double the reported production, whilst m both the 
years 1920 and 1927 also the export figure was approximately 
double the reported production figure, in 1930 the recorded ex- 
ports were, however, only some 57 per cent, in excess of the re- 
ported production, and in 1931 only 36 per cent, in excess. This 
maj mean that the Act referred to in the third paragraph is now 
beginning to produce a definite effect. This will be conclusively 
proved only by statistics over a period of years. 

The United states of America and the United Kingdom, which 
are tae principal iniporiers of Indian mica, absorbed respectively 
28*9 per cent, ana per cent, during 1930, and 23*4 per cent, 
and 43*2 per cent, during 1931. Gernnany took 9-4 per cent, and 
7*2 per cent., respectively, of the total quantities exported during 
the years 1930 and 1931. The average value of the exported mica 
decreased from Es. 91*5 (£6*8) per cwt. in 1930 to Es. 78*3 (£6-8) 
per cwt. in 1931. The exports fell from 82,909 cwts. valued at 
Rs. 76,87,731 (£562,054) in 1930, to 52,966 cwts. valued at fis. 
41,48,708 (£307,316) in 1931. This is the lowest total value recorded 
since 1915-16, when the value of the mica exports was £208,496. 

The diiierence between exports and production is generally attri- 
buted to theft from the mines. If this be the only explanation 
we must assume that during the three years prior to 1930 there 
has been as much mica stolen as won by honest means. Early 
in 1928 a bill was introduced into the Legislative Council of Bihax 
and Orissa, the purpose of which was an attempt to reduce the 
losses on this account by licencing miners and dealers; the bill was, 
however, rejected. In March, 1930, however, a similar bill to 
regulate the possession and transport of, and trading in, mica was 
passed, and from the figures presented since 1930, as analysed above, 
it appears that this bill may already have produced a good eJffect. 
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Table 22.- Qiianiity and value of Mica produced in India during 
the years 1930 and 1931, 


— 

1930. 

1931. 

Quantity. 

Value (£l=-Bb. 13-5) , 

Quantity. 

Value (£1= 

= Es.13-6). 


(Jwts. 

Es. 

£ 

C?Wt9. 

E«». 

£ 

JBihar and 0) issa — 







Gaya .... 

0,150 

3,57,731 

26,100 

0,051 

3,21,283 

23,700 

Hazaribagli 

31,200 

10,10,620 

119,972 

25,577 

13,43,215 

09,407 

Monghyr .... 

477 

11,853 

1,100 

02 

5,222 

387 

Madras — 







Nellorc .... 

11,177 

6,40,014 

47,409 

0,803 

3,41,004 

25,200 

l^iIgiriH .... 

171 

13,747 

1,018 

05 

10,036 

810 

Raipv^ana — 







Ajmer-Merwara 

284 

14,718 

1,090 

185 

10,884 

806 

Jalpui State 

73 

5,000 

870 

100 

5,000 

370 

Shabpura State 

135 

3,303 

245 

•• 

•• 

.. 

Total 

52,727 

26,68,980 

197,70J 

S8,m 

20,07,03 i 

150,935 


Table 23 . — Quantity ami value of Mica expo) ted from India during 
tJm years 7930 and 19*}1. 




1930. 

1031. 




loom 


Quantity. 

Value (£1 ^ 

Ba. 13*5), 



Owts. 

Bs. 

£ 

Cwts. 


£ 

To— 








Buitod Kingdom 

. 

88,478 

35,02,023 

266,120 

22,891 

24,06,107 

178,160 

Gozmony . 

1 

7,788 

4,86,562 

36,042 

3,831 

2,00,031 

14,884 

Eranro . 

. I 

5,050 

3,03,179 

22,458 

4,810 

97,002 

7,259 

Bnltod States 
Ameilea. 

oi 

23,082 

25,26,164 

187,123 

12,878 

7,18,560 

58 220 

Otber countries . 

• 

7,611 

6,79,203 

60,311 

9,056 

7,26,128 

53,787 

Total 

• 

82,809 

75,87,731 

563,0}! * 

1 

52,966 

41,48,768 

307,316 
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Monasite. 

The monazite industry of Travancore, which was moribund 
in the year 1926, when the reported production was i owt. only, 
showed signs of revival in 1926, the output amounting to 64*2 
tons valu^ at £947. The production rose to 280 tons valued 
at £3,810 in 1927, fell to 103"4 tons valued at £1,242 in 1928, and 
rose again to 180 tons valued at £1,800 in 1929. In 1930 the pro- 
duction feU again heavily to 14 tons valued at £140 but in 1931 
rose again to 89’6 tons, valued at £890. The decline of the in- 
dustry from the high fi-.ure of 1919 to 1921 is of course due to the 
supplanting of incandescent mantles for gas lighting by electricity. 
It is hoped that ilmenite, collected with the monazite and hitherto 
regarded as a bye-product, may be the means of reviving the in- 
dustry; titania forms a valuable white paint superior to white lead 
in being non-poisonous and in possessing twice the covering power. 


Nickel. 

As a bye-product in the smelting operations of the Burma Corpo- 
ration, Limited, at Namtu, in the Northern Shan States, there 
is now a regular production of nickel-speiss, which in 1927 amounted 
to 1,032 tons, in 1928 to 2,933 tons, and in 1929 to 3,066 tons, the 
latter production being valued at Es. 6,38,780 (£47,670). In 1930 
there uas a further rise to 3,160 tons valued at Rs. 7,26,163 (£63,790). 
In 1931 the output fell somewhat to 2,911 tons valued at Es. 6,73,973 
(£49,924), and containing 27-63 per cent, of nickel, 10-76 per cent, 
of copper, and 32-32 ozs. of silver to the ton. This speiss is shipped 
to Hamburg for further treatment. It contains from 3 to 4 per 
cent, of cobalt. 


Petroleum. 

The world’s production of petroleum in 1926 amounted to 
nearly 150 million long tons, of which India contributed 0-72 per 
cent. In 1927, this figure jumped to some 172 million long tons, 
of which the Indian proportion, on a practically stationary pro- 
duction, fell to 0-64 per cent. In 1928, there was another substan- 
tial ri-e in the world’s production, which reaihed the figure of over 
181 million tons. In 1929, there was another jump to over 202 
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millioii ions, but in i^oO iJie world’s production loll to about 
million tons and in ibJl to about 188 million tons. Tke United 
States alone sliOweU a lalX ^reatei* tlian tbo total lull, increases 
wcjc sJiown b^ ilossia (ana Sakliann), itoumania, iii'genUua, 'rriui- 
dad, Japan (uicladnig Taiwan), illcuador, ijierjmiiiy, Canada, O;ieclio- 
Slovakia and Italy; itussia snowed tke Jaj'gcst increase* But all 
otliei piWucois including India sliowed a decrease in production. 
The United Soai/cs contiibatcu per cent, oi the world’s supply 
In lyol, Venezuela 6u p r cent, and ivUSoia ii*8 per cent. In lU28, 
India contributed 0*0 l per cent., wJncii icil to U-OO per cent, in 
and rose to o*dii in xbaOand o*o.; jiCi* cca^. in iJil ; iicr position on 
tlic list ol petroleum producing couniries icU Jioiu litn in lb2i^ bo 
12tli in li)50 and in tiie year under review, lier place being taken by 
Trinidad.^ 

AltnougiL petroleum statisties indicate that ic is beconnng more 
and more Oilncuit to maintain olie output ot India (mclndiug Burma) 
at tke mgk levels reacked in iUiV) and lb21, wnon pean productions 
oi‘ well o>rer 505^ million gallons wore reacned, tne production 
tkereaiter ialiing to 281,1X8,909 gallons in 1927, yet tke production 
durmg 1928 reacned tke ligure ol JU3,94:J,U1 gallons, in 1929 tke 
ligure of 808,148,098 gallons and m 1980 tne ngare of 811,080,108 
gallons, tke 1980 totals being tne kignest over recorded. Tke 
1981 produotion skewed a fail to 805,018,'/ 81 gakons. Tke de- 
crease m 1981 represents tne balance ol considerable decreases in 
tke output oi Burma and tne Jfc'unjab and of a very Ijjrge pro- 
portionaoe increase in tke production ui Assam to a ligure not pre- 
viously approacked. Tins decrease in outpat in 1981 was accom- 
panied by an mcieasc in value amounting to Its. 08, 8 1 , 488 (£491, 0o2) 
or 12*0 per cent. 

Alter SIX years m wkick deckno m pioducoion lias been in evidence 
in tke ienangy*aung lield, tkis most kigJily developed keld in tke 
Indian Bmpne again skews a siignt recovery amounting to 
some D4U,o00 gallons. Tnis recovery mciudes 2,lo<,108 gallons 
of natural gasoime and is attributable principally to tne kigk yields 
obtained Irom tne Burmak Od Company s east Hank wells. It 
is interestiug to note tkat tke production in Tenaugyaung still in- 
cludes oil derived trom tne old Burmese kand-dug wells. Tkis oil 
enjoys a sneltered market and tke price at bke river bank varied 
from lis. 8 to iis. 10 and annas 12 per 100 viss during tke year. 


^ UuxapILed irom l^UroUuin Thtma * of 5Ui Maiob, X932. 
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In the Yenangyaung field 175 wells were drilled during the period 
under review. The average initial production obtained from them 
was approximately 16 barrels per well per day. In addition some 
160 wells were deepened during the year and yielded an average 
initial production of anproximately 12 barrels per day. Initial 
productions in excess of 60 barrels per day were obtained in 19 wells, 
all of which are situated in leased blocks, where development has 
not been so intensive as in the native reserves. 

At the end of the year there were 3096 producing wells in the 
Yenangyaung field including 162 hand-dug wells, as against 2949 
producing wells, including 174 hand-dug wells, in 1930. The 
exploitation of the shallow sands, which were originally drilled 
through without protection in the competitive rush for deeper 
sands, has remained a prominent feature of development. Ap- 
proximately two-thirds of the new wells drilled during the year were 
completed in these shallow zones and this source of production 
yielded approximately 14 per cent, of the total production of the 
field, compared with approximately 16 per cent, in 1930. 

The maintenance of optimum pressure conditions in the leased 
blocks of the Yenangyaung field is the subject of continuous study 
and has become an importaTit factor in the conservation of gas. 
During th'^ year the Burmeh Oil Oomnany comnleted the installa- 
tion of a new high -pressure absorption plant, which, it is anticipated, 
will contribute to the more eflSicient extr-*ction of gasoline from the 
natural gas produced by wells operated by this Company. 

As in recent years, very little contribution was made -fco our 
knowledge of deeper horizons in the field, B. 0. 0. well Ho. 1506 
in Block 6S reached a depth of 6,390 feet, which is the greatest depth 
yet reached in the Yenangyaimg field. Owing to dtfficulries 
connected with high pressures and associated phenomena, attempts 
to continue this well to still greater depths have been temporarily 
abandoned, and the well is at present producing from a depth of 
approximately 5,000 feet. 

Important easterly extensions of the 2,500-2,800 foot sands were 
proved during the year, and the Burmah Oil Company's east flank 
development remains the most prolific source of new production. 
Three” new' wells'''’'have been completed south of the Minlindaung 
fault, but'^the^ expectations based on the results obtained in B. B. 
D. D. C. well No. 4 have as yet failed to materialise. 
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In 1931 tliere was a decrease approaching 10 million gallons 
in the output of the Singu field, but the greater part ot the fiolrl 
is in the hands of the Burinah Oil Company, who use this field to 
make good the deficiencies of yenangyaung in order to stabilisi* 
supplies to the refinery. The substantial decreast' in the ])rodueti()n 
obtained from the field in 1931 should not, therefore, be corr(dat»ed 
TOth any abnormal decline in the productivity of the sands. During 
the year under review some 30 wells were completed in this field 
and yielded an average initial production of 43 barrels of oil per 
well. In addition some 15 wells were deepened, and yielded an 
average iaitial production of approximately 35 barrels of oil per 
well. At the end of the year the total number of producing wtdls 
was 489. In addition a large number of wells remained ceineuted 
above productive sands. These wells can bo drilled iuto tlui pro- 
ductive sands in a very short time and the total field production 
substantially increased. Many wells are producing from the 3,001) 
foot sand. 

As in the previous year little contribution was made to our 
knowledge of deeper hoiizons. Hessford Development Syndicate’s 
well No. 2 in Block 57N, which reached a depth of 6,878 feet in 1930, 
remained the deepest well in the Singu field, and in Burma. 

As in the case of the Yenangyaung field, the instaUabion of a new 
high pressure absorption plant by the Burtoah Oil Company is an 
important step in the utilisation of the petrol-forming ft actions con- 
tained in the gas produced by the Company’s wells. 

Drilling was first started on the Yenangyat field in 1891 by 
the Burmah Oil Company. The expansion was slow up to 1894, 
but rose rapidly to a yield of over 6 million gallons in 1898, and 
in 1903 the highest quantity recorded from this field was produced, 
namely 22,665,518 gallons. Subsequent to that year, a decline 
sot in, gradual at first, but severe after 1906. Between 1909 and 
1918, production averaged a little over 5 million gallons. From 
1918 onwards, the decline was gradual but persistent imtil 1926, 
when the output had sunk to a little more than ll million gallons. 
Since 1925, there has been a gradual recovery. In 1927, the 
output was 1,844,946 gallons. In 1928, the yield rose to 3,072,222 
gallons, due to increased drilling on the part of the Burmah Oil 
Company, and also to expansion by the Indo-Buima Petroleum 
Company in the Lanywa area in the south ; in 1929 the yield rose 
to 17,606,936 gallons and in 1930 to 19,877,276 gallons due to in- 
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creased production from Lanywa. In 1931 a decline In tlio pro- 
duction of the Lanywa field is reflected in a slight decline in the 
production of the Pakokku district, which amounted to 19,809,104 
gallons. In the Yenangyat field pj-oper 23 wells wore completed 
during the year, with an average initial production of approxijna,tely 
10 barrels. At the end of the year there were 136 producing 
wells in the field. No oilsands of outstanding value were discovered 
in either of the deep tests in operation in this field during the year, 
but a valuable gas sand was encountered in one of them. 

It has long been recognised that the Lanywa oilfield is struc- 
turally more closely related to the Sioga than to the Yenangyat struc- 
ture, and in September, 1929, the Lanywa area was notified as part 
of the Chauk oilfield. The embankment for the protection of the 
Lan)’wa — Sitpin sandbar«k was completed in 1929, and by the end 
of 1930 there were 17 producing wells in this field and the pro- 
duction for the year amounted to approximately 440,000 barrels 
or 17,760,000 gallons. Sixteen wells were drilled in this field 
during 1931 and at the end of the year there were 30 producing wells 
with a total production of 16,437,000 gallons. The wells are 
producing from sands between 1,700 and 2,600 feet. At the end 
of the year the drilling of 9 more weUs was in progress. The work 
of fiUing-in behind the embankment, with the object of rendering 
the area permanently above high-water level, was continued and 
at the end of the year preparations were in hand for extending the 
embankment. As remarked before, the striking of remunerative 
supplies of oil at Lanywa makes it almost certain that the Irrawaddy 
river covers oil deposits of commercial value. The question of 
reaching these deposits by tunnelling beneath the river with cham- 
bers large enoui.h to accommodate drilling derricks is still under con- 
sideration. 

Of the other fields in Burma, Minbu again showed an increased 
decline amoimting to approximately a million gallons and three 
hundred and forty seven wells were producing in this field at the end 
of the year. The deep test on the Yethaya portion of the structure 
was continued to approximately 5.000 feet without obtaining com- 
mercial production, and was abandoned during the early part of 
the year. 

There were 39 producing wells in the Indaw field, the production 
of which showed a flight decrease. The deep test well in this field, 
which reached a depth of 2,683 feet during 1930, was continued to 
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2,994 feet, where, however, it was abandoned owing to drilling 
difiScnlties. 

The Thayotmyo fields, which had shown a largo decline in 1928, 
amountinflf to over 272,000 tr^dlons, showed in 1929 a s^noll incieasc 
of some 19,000 ballons; but in 1930 llioi'o was a finiliov substantial 
decrease in production araonniing to some 212,000 gallons. Dnrincir 
1931 activities were considerably hampered ])v Hie disLurbed condi- 
tions prevailing in the district but an increase of some 74,000 • allons 
was shown in the production of these fields. 

The output from Kvaukpyu remained ab its usual low level. 

In addition to test wells situated in producing fields in Burma 
others were being drilled at Palusawa (Lower Chindwin), Ainggyi 
and Shanzu (Magwe district), Natmi, Monatkon and Minhla (Thayet- 
myo district) Pagan Hills (Myingyan district) and Leya (Pakokku 
district). 

In Assam the output of the Digboi field iacreased by rather 
less than 91 million gallons. Tlxe eastern extension ’well at Hansa- 
pimg continued to give good though diminishing production. A 
second extension well in this area was completed at the end of the 
year ; initial production was fairly good, but (as expected) consi- 
derably below that of the previous well. The deep test in the 
Digboi part of the field was disappointing, as it reached an ov(n*- 
thrust fault at an xmcxpoctedly shallow depth, after proviiur onlv 
a small thickness of new oiLsands. Extension wells in the south 
and west have continued disappointing. Operations at Baragolai 
remained suspended. 

In the Surma Valley the output from the Badarpur field decTcased 
by abuost 850,000 gallons, due to the natural decline of the oilsands, 
which could no longer be offset by drilling and reconditioning. 
At Masimnur no oil was produced during the year, Tlie iiex/ well 
referred to in Ihe last year’s review was conunenced iii Aug sr. 
Patharia about 150,000 halloas of oil were pro«luced f'O.ii blic oii.inal 
well during preparations to deepen. The well wms <‘aa’iod down a 
short dislanco but was not in good shape and the Lifter nait of the 
year was taken up with reconditioning wo k. WcU No. 2 has 
reniainod shut down. 

In tlic Punjab, the outpu' from the Ehaur field showed a decline 
amounting t(' just over 2 million gallons, or about 25 per cent. Tliis 
decline was due to the fact that no important new supply was 
obtained from the deep sands during tlxc year. 
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Table 24. — Qucmtity and vdkte of Pd/rolmm prodticed in India daring 
the years 1930 and 1931. 



1080. 

1931. 


Quantity. 

Value (£1«E8. 13-6). 

Quantity. 

Value (£1« 

Kb. 13*5). 

Assam — 

Badarpur 

Gals. 

2,841,881 

Es. 

7,10,345 


Gala. 

1,985,042 

Bs. 

8,12,644 

£ 

23,169 

Blgboi 

43,968,666 

76,08,043 

656,151 

58,407,990 

91,19,891 

675,548 

Haslmpur . 

520 

180 

10 

• • 

.. 

•• 

Patharia 

3,314 

828 

61 

163,431 

24,165 

1,789 

Burma — 

Zyaukpyu . 

14,616 

13,277 

084 

13,068 

11,829 

876 

2£inbu 

5,088,476 

8,18,762 

60,648 

3,903,688 

7,98,726 

59,166 

Singu . 

95,868,470 

1,64,07,376 

1,147,964 

86,478,878 

1,70,96,676 

1.266,840 

Thayetmyo . 

608,811 

81,869 

6,064 

677,840 

1,15,668 

8,561 

Upper Ghindwin • 

2,858,006 

2,14,867 

16,879 

2,777,102 

2,09,427 

15,618 

Yenangyat (Includ- 
ing Lanywa). 
Yenangyaung 

19,877,276 

40,37,572 

299,079 

19,809,104 

89,61,821 

293,468 

182,898,282 

2,16,99,718 

1,607,388 

181,265,448 

(a) 

2,60,96,078 

1,938,043 

Punjab — 

Attock. 

7,662,200 

19,15,560 

141,893 

5,557,720 

18,89,430 

102,921 

!Ibtal . 

311,080,108 

SM»97,812 

3,888,727 

806,018,751 

5,91,36,260 

4,380,389 


(a) Excludes 2,167,468 gallons oi natural gasoline. 


Table 26. — Imports of Kerosene Oil into India dming the gems 1930 

and 1931. 





1980. 



1981. 




Quantity. 

Value (£1« 

Bs. 18*5). 

Quantity. 

Value (£1» 

Bs. 18*5). 

projitr^ 

Eussia 


Gals. 

11,407,382 

Be. 

56,61,482 

£ 

419,869 

Gab. 

3,021,170 

Bs. 

15,54,948 

£ 

115,181 

Georgia 

. 

19,156,286 

1,08,48,121 

766,527 

19,456,561 

98,51,428 

729,785 

Azerbaijan • 

. 

15,676,680 

76,06,223 

666,017 

11,763,288 

51,87,107 

384,280 

Persia . 

. 

26,904,626 

1,33,29,872 

987,861 

11,001,437 

61,71,125 

883,046 

Straits Settlements 

8,068,601 

17,02,056 

126,078 

428,838 

2,16,949 

16,070 

(including 

Duan). 

Borneo 

JLa- 

1,888,388 

11,00,870 

88,213 

2,285,007 

11,40,760 

84,600 

United States 

OI 

22,760,506 

1,60,46,770 

1,114,602 

19,699,798 

1,27.58,861 

944,730 

America. 
Other countries 

. 

8,592,127 

43,86,623 

324,861 

5,502.450 

28,08,569 

208,042 

Total 

• 

108489.89. 1 

5,92,69,588 

4,382,928 

78,907,028 

3,86,84,723 

3,865,534 


l> 
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TATiLE 'SO,- htiforh of Fvel Oils wio India thirinq the ymr.s J930 md 

mi. 



n«p«r k Tjr iMi m 

1010. 



1931. 



Qn.infl(y. 

Value (*:i 

1<«. 13*5). 

Quantity. 

Value (£1« 

Its. 1.3-5). 



Its. 

£ 

(lah. 

Its. 

£ 

From-- 







IVrsIa . 

72,70a,nSft 

I, 15.060 

1,023,500 

72,294.?88 

1,11,86,000 

1,060,882 

Hfrnits S«‘<(lom(‘iit'i 

9,571,200 

19,32,115 

143,120 

2,006,515 

5,41,717 

40,127 

nn<*luain« La- 
Inian). 

lV>inoo 

24,««^4,140 

51,00,332 

38 MOO 

26,081,729 

64.28,430 

402,106 

Other conntrln 

1,221,102 

1,87,815 

36,134 

3,072,068 

8,78,407 

66,074 

Total . 

107,6^.8,220 

2, n, 6.7, 522 

1,756,285 

104,318,690 

2, 15, 5J, .755 

1,555,155 


Taum 27 . — Exports of ParaMn Wax from India during the years 

1930 and 1981. 



1930. 

1931. 


Quantity. 

Value 

Rs, 18*6). 

Quantity . 

Value (£1 

Its. 13-6;. 


Tons 

Bs. 

£ 

Tons 


£ 

ro— 






United KiQfrdnm , 

10,032 

64.60 870 

401,609 

15,314 

68,84.084 

609,932 

GonnaiLy 

1,817 

8,11,760 

02.353 

789 

3,32,220 

21,609 

NetTierlands 

3, .3 to 

16,«3,030 

117 203 

2,916 

12,66,964 

98,774 

Belgium 

3,012 

19,03,823 

U1 024 

2,830 

12,46,350 

92,322 

S])aiu . 

2, ‘520 

10 Si 1 19 

b 0 , 0^*3 

000 

3,78,(HH) 

28,000 

Italy . 

l.OU) 

7,( 2 201 

36, iOO 

2,993 

12,67,900 

01,178 

C*hinu . 

7,171 

,19 t 02 

269,302 

(»,04:> 

28,12,014 

210 , " 2 J 

Union of South 

2,729 

13 ,7 04) 

tMl,U»7 

3,082 

11 tS.JO 

lt‘7,2.Sl 

AI 1 IC 4 U 





Portuguese East 
Africa. 


28, ,39 220 

211,794 

3,720 

20,31,771 

130,&(.2 

XTnI''ed btates of 

7,9(H» 

.05 7“,26t» 

20 1, 833 

5,(.39 

21,00 300 

177,800 

Amerlt-A 




ChUo . 

2,260 

10,13,000 

77,239 

2,516 

13,88,710 

88,05.S 

Auiatmiin 

820 

0,75,300 

27.807 

203 

1,25,790 

9,318 

Nefw Tliloninnd 

236 

1,16,200 

8,607 

63 

37,660 

2,700 

Other oounliiw . 

10,908 


Sb0,018 

4,469 

18,08,733 

140,649 

Total . 

' ,19 



51.602 

2,33 37,927 

1,726,735 
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There was a great decrease (35^ million gallons) in the iTn])OTts 
of kerosene, due to decreases in the imports from all sources, cxccj[)l 
small increases from Georgia and Borneo. Imports from the 
United States of America, which fell from over 60^ million gallons 
in 1927 to not quite 17 million gallons in 1928, and recovered slightly 
to 23^ million gallons in 1929, fell to 22| million gallons in 1930 
and to 19J million gallons in 1931. The decrease from the Straits 
Settlements amounted to nearly million gallons, continuing the 
decrease of nearly 6 million gallons of the previous year. Imports 
from Persia fell from nearly 26 million gallons in 1930 to 11 million 
gallons. 

The quantity of fuel oil imported into India during 1931 was, 
as Table 26 will show, over 3J million gallons less than that received 
during the previous year, the total imports for the year under 
review being a little over 104 million gallons. Some 71 per cent, 
of the supply was derived from Persia and some 26 per cent, from 
Borneo. 

The exports of paraffin wax again showed a decrease of some 
9,600 tons. {See Table 27.) 

Ruby, Sapphire and Spinel. 

A severe fall in the output from the Mogok ruby mines of 
Upper Burma in 1921, followed in 1925 by a marked drop in value 
bore witness to a serious decline in the industry. The Burma 
Ruby Mines, Limited, ultimately decided to go into liquidation, 
and the mines were offered for sale in September, 1926. The 
skeleton organisation left in charge of the mines, however, made 
good use of its opportunities, with the result that the value of the 
output in 1926 exceeded that of the previous year by over a laJch 
of rupees. This encouraging result was effected by a rigorous 
economy and an extension of a system of co-operation with local 
miners, and was assisted by some good finds of sapphires in the 
Kyaungdwin mine — the only one sfdll worked by European methods. 

During 1927, however, production fell in value by over 1| laJchs 
of rupees, due mainly to a decrease in the value of the sapphires 
and spinels produced, there having been a slight increase in the 
value of the rubies. During 1928, there was another very large 
decline in value, amounting to over a laM of rupees, due to a severe 
drop in the value of the sapphires produced; as before, there was 
a slight increase in *the value of the rubies. The value of the 1929 
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production was slii'htly above that of 1928, due to a considoiablo 
increase in tbe value of tJie rubies louml, largely balanced by another 
large fall in the vabu' of sappliires pro(luc(*d. In 1930 there was 
a further substantial fall in production and in total value, though 
the value ])<'r (*ara1 of ilnj sapphiies producc'd is tho highest recorded 
for many years, .bulging from repoits in the Rangoon Times, 
this is duo to tho 0 ])eniag up by the Hurnia Ruby Mines, Ltd., of 
the new Pagoda mine at Kathe, lending to the find of a fine sapphire 
of 630 carats aiul a star sapphire of 293 carats. The find of a 
ruby of 100 carats was also reported. The great drop in produc- 
tion recorded in 1931 appears to be due to the cessation of operations 
of the Burma Ruby Mines, Inmitc^d. Though the industry is in 
a very depressed state, work is still continued by local miners, but 
of this no reliable statistics are available. 


Table 28.- -Quantity and value of Ruby, Sapphire and Spind pro- 
duced in India during the years 1980 and 1981. 




1080. 



1081. 



Quantity. 

Value (£1« 

Be. 18-5). 

Quantity. 

Vatae(£l« 

Bs. 18*6). 


Oaxate. 

25,720 

(Bullies). 

1,686 

(Sapphires). 

2.784 

(Spinels). 

■1 

£ 

6,221 

Oaxats. 

(«) 

Be. 

40,864 

£ 

2,000 

Burma • 


8,468 

(tt) 1 

2,600 

186 


Hi 

26 


i 

•• 

Total 

30.090 

h3i,m 

9,715 

•• 


5,175 


(a) Not aifaflaUe. 


Salt 

There was a large increase in the total output of salt amounting 
to some 128,000 tons, a very substantial decrease of 88,408 tons 
from Aden, with a decrease from Bombay and Sind of 29,324 tons, 
being largely neutralised by a great rise in the output of Madras 
(213,693 tons) and smaller increases from Rorthern India {28,317 
tons) and Burma (3,761 tons). Imports of salt into India dec- 
reased substantially by 165,700 tons, all the countries of origin 
lowing decreases, excepting Aden and Dependencies, imports from 
vhioh increased by 61,903 tons. 
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Table 29.- -Quatdily and value of Salt produced in Mia during the 

years 1930 and 1931. 



1030. 

1031. 


Quantity. 

Value (£1« 

Es. 18*5). 

Quantity. 

Value (£1« 

Us. 13-6). 

Aden • 

liambay and Stud * 
burma . 

Gwalior (a) 

^Sladius . 

Northern India 

Tons. 

874,445 

518,376 

19,223 

25 

341,756 

457,523 

£s. 

42,69,192 

25,76,400 

3,11,458 

1,115 

19,53,961 

36,80,283 

£ 

316,236 

190,770 

28,071 

144,738 

268,910 

Tons. 

286,037 

489,052 

22,074 

48 

553,440 

485,840 

lia. 

31,69,172 

22,83,669 

3,48,831 

2,647 

38,83,284 

39,53,406 

£ 

234,753 

169,161 

25,639 

190 

287,647 

292,845 

Total 

1.7il,348 

1,27,41,409 ! 

1 

943, SOB 

1389,400 

1^36,40,939 

1,010,441 


(a) Figures relate to oiHoial years 1Q30*S1 and 1931-32. 


Table ^.— QumitUy and value of Roelc-saU produced in India during 
the years 1930 and 1931. 



1980. 

1981. 


Quantity. 

Value (£l=«Bs. 13*6}. 

Quantity. 

Vahie (£l-£s. 18*5). 

Salt Songe 

Fldhat • • . 

Mandl ... 

Tons. 

148,806 

28,005 

4,156 

£ 8 . 

11,34,540 

73,170 

1,08,636 

£ 

84,040 

6,420 

7,677 

Tons. 

136,544 

21,123 

4,220 

Be. 

10,44,559 

66,509 

1,09,503 

£ 

77,876 

4.927 

8,111 

Total 

175,487 

13,11,332 

97,137 

161,893 

12,20,371 

90,413 


Table 31. — Imports of Salt into India during the years 1930 and 

1931. 



1980. 

1931. 


Quantity. 

Value (£1«E8. 13*5). 

Quantity. 

Value IS'5). 

FTOtn-- 

United Kingdom . 
Germany 

Spain . 

Aden and Uepen^ 
dendes. 

Eg^t . 

Italian East Africa 
Other countries . 

Total 

Tons. 

51,552 

95,161 

71,116 

211,246 

128,396 

128,189 

12,855 

£ 8 . 

11,19,185 

20,75,999 

15,09,302 

34,03,228 

21,84,254 

19,08,442 

2,05,404 

£ 

82,899 

163,778 

111,800 

252,090 

158,092 

141,366 

15,216 

Tons. 

24,164 

43,097 

27,264 

278,148 

41,084 

109,904 

14,092 

Kb. 

6,17,170 

7,90,671 

4,94,688 

40,90,056 

6,44,927 

16,30,617 

1,32,461 

£ 

38,300 

58,568 

86,648 

802,967 

> 47,772 
118,379 

9311 

688,513 

l,23sS3,7S9 

913,240 

53£,753 

32,00,574 

607,449 
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Saltpetre. 

Allrhouj^U siiAtiKlk^s oC i)r<)ductioii of juiltpoire in India arc no 
longer available, the oxih)!*! figures may be a<M‘t*{)ted as a fairly 
reliable index f-o the genera! state of the imluslry. Kxci'piing a 
few hundreds of tons required for internal eoiu»unq)tion as ftu'tiliBei, 
most of tlie output is exported to foreign i*ouutries. The ([uantity 
exported in 1931 amounted to 123,117 cvvts. valued at Rs. 9,91,087 
(C73,tl4), against 70, 638 cwts. valued at Hs, 7,21,601 (JESS,-! 15) 
iu 1930. 

A certain amount of nitrate of potasli is used for agricultural 
purposes on the tea gardens of India. During the war, when 
it was im[)Ossil)lo to obtain supjdies ofun[)oi‘tod ]»otash, the amount 
of locally produced nitrati' utilised in this way reached an a])pre' 
ciablc iigure. The practice continued and the i|iiantities estimated to 
have been absorbed lor fertilising x)urposes on tea gardens in 1928, 
1921, 1925, 1920, J927, 1928, 1929 and 1930 were 1,000, 1,100, 
800, 700, 600, 260, 300 and 800 tons, respectively. In 1931, this 
figure is estimated to have been 680 tons only. The gra<lual 
decrease since the year 1926 is duo to the fact tliat it was found 
cheaper to employ a mixture of imported sulphate of ammonia 
and nitrate of potash.^ The increased consumption in 1930 was 
due to the nitrate being available at lower rates, and the decrease 
iu 1931 is due to the general curtailment of manurial programmes 
owing to economic conditions. 


Table 32,— Distribution of Saltpetre expoyted from India during the 
years 1930 and 1931. 


— 

1930. 

1081. 

Quantity. 

Value <£l^Ks. 13-6). 

Quantity. 

V.Uue(£l.-Jlls.l3*6). 

United Kingdom 

Ceylon 

Straits SetUomouts (luclud- ! 
Ing Labuan;. 

Mauritius and Dependencies 

Otbef ootmtries 

Total 

OwtB. 

21,100 

48,747 

2,539 

S,307 

786 

Es. 

2,24,167 

4,13,815 

22,681 

48,704 

12,084 

£ 

16,605 

80,016 

1,680 

3,008 

936 

Cwts. 

20,499 

55,480 

1,701 

88,370 

1,068 

R*. 

2,10,274 

8,30,067 

34,008 

4,14,014 

17,544 

£ 

15,570 

24,716 

1,111 

80,712 

1,300 

76,638 


S2,44S 

123,117 

9,91,087 

73,414 


^ 3fr ofiu inlonx fttlon IsbuU; suppliea hy MessEs. Sba\i , WaUa«Q A Co. 
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Silver. 

la eoatrast with the incTeases in the pioduction of sdvcr lioiia 
the Bawdwia mines of Upper Buinu, amonnlino iio 1,100,291 ozs. 
recorded durinsf the four years, 1935 to 39‘28, the follovnng years 
1929, 1930 and 1931 were marked bv doorcases a noiiiiting to 
121,211 OZ3., 226,311 o^. and 1,163,80(5 ozs. respecdively. These 
decreases in quantity were accompanied l)y a small fall of \alue 
in 1929 and marked falls in 1930 and 1031, The output of silver 
obtained as a bye-product from the Kolar gold mines of Mysore 
showed an increase of some 5,000 ora. 


T^bue 33 . — QuaiUUy and value of Silva pfoditced in India during 
the ymrs 1920 and 1921. 




1930. 



1081. 



Quantify. 

Value (£le 

Bs. 13*5). 

Quantity. 

Value (£l«Bs. 13*5). 

.fittfOTO— 

Ozs. 

Ba. 

£ 

OSB. 

Bs. 

& 

Xoithern Shan States 

JUysofs— 

7,054,206 

76,87,674 

560,467 

5,000,400 

61,97,807 

884,990 

Kolar .... 

17,844 

20,891 

1,5 IS 

22,605 

31,867 

2,361 

Total 

7,072,050 

7T,08,5C8 

571,005 

6,SS3.«,6 

52,20,234 

387,062 


T\xl 

Following on a series of years of practically continuous increase, 
a slight decrease in the production of tin-ore in Burma has to be re- 
jjorted for the year under review, during which the output amounted 
to i, 255-2 tons valued at Rs. 35,07,380 (£259,806), against 4,270-9 
tons valued at Rs. 45,64,147 (£337,341) in the pieccding year. 
The great decrease in the total value is, of course, due to the great 
fall in the price of the metal. This decrease in output of 16-7 
tons is the balance of an increase from Mawchi in the Southern 
Shan States, and decreases in tiro outputs of the other fields. Mill- 
ing operations were suspended at Mawchi in August 1927 pending 
the installation of additional plant and further development. Mill- 
ing was tesmned in Febniary 1930 and this explains the large increases 
last y^ and this. The figure for 1931 includes 1,696 tons from 
Maw'ohi, calculated to be the proportion of tin-oie in 2,974 tons 
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of concentrates <lei‘ived from mixed. wolfram-aclieelite-caHsiteritc-ore ; 
these coiMientrates are assumed to oontaiu 43 pet cent, of wolfram 
and 57 per cunt, of civs-siterito. There is no repoited output of 
block tin. 

Imports of unwrought tin decreased from 66,739 cwts. valued 
at Ra. 02,33,676 (£461,764) in 193d to 41,969 ovts. valued at 
Ils. 36,28,566 (£268,782) in 1931 ; over 98 per cent, of these imports 
came from the Straits Settlements. 


Table Quantity and value of Tht-ore produced in India during 
the years 1980 and 1981. 




1980. 



1631. 



Quantity. 





Tons. 

Bs. 

£ 

Tons. 

Rs. 

£ 

Amhent .... 

42*6 

46,566 

8,672 

17-0 

17,688 

1,810 

Meigul .... 

787-6 

8,89,960 

65,925 

497-4 

8,66,804 

29,356 

Soathem Shan States 

(a)l, 260-0 

18,82,500 

98,704 

(0)1,695-0 

18,96,680 

108,458 

Tavoy .... 

2,181-6 

22,72,502 

168,883 

2,044-8 

16,96,218 

125,645 

Tliaton .... 

9-2 

6,589 

710 

1-0 

600 

87 

Total 


4S, 54^47 

327,S44 

4^*2 

8S,07,S80 

269,806 


(a) Estimated. 


Tabli? •‘Imports of unwrmglii Tin {blocks^ ingots^ bars a^id slabs) 
into India during the years 1930 and 1931. 



1930. j 

1 

1981. 


Quantity. 

Value (£l«Bs. 18-6). 

Quantity. 

Value (£1 -Its. 13-5), 

From — 

Owts. 

Ba. 

& 

Owts. 

Bs. 

£ 

United Kingdom 

1,480 

1,59,218 

11,794 

733 

61,680 

4,500 

Straits Settlements (includ- 
ing Labuan). 

54,796 

60,12,604 

445,870 

41,188 

35,58,768 

268,012 

Other eounttiss 

518 

61,959 

4,590 

i 

108 

8,108 

601 

Total 

68.7S9 

62M676 

461,764 

41.969 

86,28,666 

268,782 
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Tungsten. 

During the three years 1926 to 1928 there was a fall in the output 
of wolfram from 1,484 tons in 1926 to 622 tons in 1928, the last 
being valued at Bs. 2,99,649 (£22,354). In 1929, the output rose 
again to 1,348*4 tons valued at Bs. 16,16,795 (£113,193) and in 
1930 to 2,451*6 tons valued atBs, 18,09,881 (£134,065) declining 
slightly to 2,247*7 tons valued at Bs. 8,81,666 (£65,309) in 1931. 
The production of 1930 was the highest since the collapse of the 
industry at the end of the war and is close to the figure for 1920 
(2,346*2 tons valued at £139,707) both in quantity and value. The 
figures for 1930 and 1931 include 943 tons and 1,279 tons respectively 
from Mawchi, calculated to be the proportion of wolfram in con- 
centrates (assumed to contain 43 per cent, of wolfram and 57 per 
cent, of cassiterite) derived from the mixed wolfram-scheelite- 
cassiterite-ore. 

The output of Tavoy declined from 1,432*8 tons valued at 
Bs. 10,78,064 (£79,866) in 1930 to 870*4 tons valued at Bs. 3,61,609 
(£26,045) in 1931. 


Table 36. — Qmnlity and value of Tungsten-ore produced in India 
during the yeais 1980 and 1931. 




1980. 



1981. 



Quantity. 

Value 18*5). 

Quantity. 

Value (£1»>B8. 18*5). 

JBitrwwi-— 

Tons. 

Bs. 

£ 

Tons. 

Bs. 

£ 

Ketgo! .... 

74-7 

35,803 

2,622 

98*3 

28,688 

2,126 

Soathera Slmn States 

(0)943*0 

6,05,934 

51,550 

(0)1,279*0 

5,01,868 

87,189 

Ta'voy .... 

1,482*8 

10,78,054 

79356 

870*4 

8,51,609 

26,045 

Thaton .... 

1*0 

500 

87 

•• 

•• 

•• 

Total 

2,451*5 

18 , 09,881 

134,065 

«347-7 

8 , 81,665 

653^P 


(a) Estimated. 


Zinc. 

The produotbn of zinc concentrates by the Burma Corporation, 
Limited, in the Horthem Shan States, fcU from 57,620 tons valued 
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at Bs. 25,73,309 (£190,615) in 1930 to 51,455 tons valued at 
Rs. 17,23,528 (£127,669) in 1931. The heavy fall in value per 
ton reflects the ivorldwido depression. The exports durino the 
year under review amounted to 61,818 tons valued at Rs. 28,41,250 
(£210,463), against 64,800 tons valued at Rs. 64,8f),076 (£480,006) 
in the preceding year. 


Zircon. 

The output ol zircon, a mineral obtained as u concurrent ])ioduct 
in the collection of ilmenite and monazite in Travancore State, 
increased from 639-8 tons valued at £4,991 in 1930 to 864-6 tons 
valued at £7,972 in 1931, along uith a considerable increase in the 
production of ilmenite. 


IIL— MINERALS OP GROUP II. 


Agate. 


The agate mines of Rajpipla State, Bombay Presidency, which 
had not been worked since 1917, were the source in 1929 of an 
output of 148-7 cwts. valued at Rs. 8,000 
(£697). In 1930 and 1931 there was again 

no production. 

The output of alum in the Mianwali district, Punjab, amoimtcd 
to only 478 cvts. valued at Es. 5,526 (£412) in 1928, whilst in 1929, 
1930 and 1931 there was no manufacture owing 
to the low market rate. 

The ])roduction of amber in the M 3 dtkyina district, Burma, 
decreased from 29-6 cwts. valued at Es. 12,020 (£897) tn 1928 to 
19-6 cwts. valued at Es. 6,080 (£454) in 1929, 
and 2-1 cwts. valued at Es. 730 (£64) in 1930. 
Tliere was no reported output in 1931. 

The production of apatite in the Singhbhum district, Eihar and 
Orissa, was 22 tons valued at Rs. 3,300 (£244) in 1930 but iiU in 
1931. There was an output in 1930 in the 
^ Trichinopoly district, Madras, of 31 tons of 

apatite valued at Es. 294 (£22), and of 62-4 tons of “phosphate”, 
hut the value of the latter was not reported. The Trichinopoly 
output of apatite in 1931 was 109 tons valued at Es. 1,067 (£79). 


Amber. 



Part 3.] 
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Batytes. 


BatizUe. 


There was a decrease in the total production of asbestos from 
3J8*4 tons valued at Es. 16,160 (£1,206) in 1929 to 33'2 tons valued 
at Rs. 1,190 (£88) in 1930. This was entirely- 
derived from the Cuddapah district, Madras. 
The mines in Mysore and Seraibela State were not -worked in 1930, 
and in 1931 the Cuddapah mines as well ceased producing. A small 
output of 6 tons valued at Rs. 70 (£5) was reported from the Ajmer- 
Merwara district during 1931. 

Of the toal production of 6,654 tons of barytes valued at 
Rs. 43,206 (£3,200), 4,158 tons were produced in the Kurnool dis- 
trict, 1,335 tons in the Cuddapah district, 
Madras and 161 tons in the Alwar State, 
Rajputaud. The pioduction in 1930 amounted to 6,797 tons 
valued at Rs. 19,562 (£3,671). 

In 1930, 2,514 tons of bauxite valued at Rs. 20,112 (£1,490) 
were produced, of which 719 tons came from the Kaira district of 
Bombay, and 1,795 tons from the Jubbulpore 
* *“ district of the Central Provinces. In 1931 no 

bauxite was mined. 

In Jaipur State, Rajputana, 20 ewts. of beryl were extracted 
in 1930; no value was reported. There was 
no output in 1931. 

The production of native bismuth from the Tavoy district, Burma, 
„ fell from 112 lbs. valued at Rs. 323 (£24) in 

‘ 1930, to 42 lbs. valued at Rs. 84 (£6) in 1931. 

Borax is sometimes produced from the Puga valley in the Ladakh 
Borax. tahsU of Kashmir State, but there was no pro- 

duction during the years 1930 and 1931. 

The total estimated value of building materials and road-metal 
produced in the year under consideration was Rs. 1,14,98,509 
(€851,741). Certain returns supplied in cubic 
airi*Rwid?nietat"**'*"^ ^®®° converted into tons on the 

basis of certain assumed relations between 

volume and weight. 

There was a decrease in the recorded production of days, which 
fell from 180,319 tons valued at Rs. 3,81,839 (28,284) in 1930 to 
^ 169,693 tons valued at Rs. 3,46,806 (£26,616). 

All provinces showed decreases except Madras, 
Rajputana and the Punjab, and the produoMon of Assam was not 
recorded last year. 


BismuBi. 
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Table Z7,'— Production of Building Mataiuls and 




Gbanitb and 
Gnbiss. 

LiSEBlTli!. 

Lmn, 

LtUESTONE AND 

Kankaa. 



Quantity. 

Value. 

§ 

Value. 

1 

B 

l> 

f 

O 

Value. 

Assam . 


Tons 

10,304 

Bs. 

25,820 

Tons 

18,440 

Bs. 

48,581 

Tons 

Bs. 

Tons 

41,085 

Jlp. 

40,740 

Bengal . 


68,790 

48,885 

•• 

•• 

•• 

*• 

•• 

- 

Bihax and Oilasa 


449,078 

4,81,491 

1,224 

477 

136 

1,134 

663,424 

18,58,764 

Bombay . 



•• 

2,761 

3,462 


•• 

45,656 


Banna . 


313,047 

6,24,052 

127,908 

2,04,726 

•• 

•• 

442,817 

6,24,209 

Central India . 


•• 

•• 

•• 

•• 

11,971 

1,05,083 

96,469 

68,161 

Central Frovlucos 


20,008 

20,583 

2,462 

4,074 

- 

•• 

362,740 

6,62,200 

Gwalior . 


- 

•• 

- 

•• 

•• 

•• 

20,670 

20,014 

Eskthmlr • 


•• 

•• 

'• 

•• 

662 

676 

•• 

•• 

ICadias * 


211,208 

8,18,606 

03,162 

60,263 

•• 

•• 

18,215 

8,890 

Mysore . 


8,708 

92,468 

214 

42 

7,206 

1,28,882 

8,785 

22,808 

N,-W. F, Province 


- 

•• 

•• 

•• 

•• 

•• 

7,709 

2,842 

Punjab . 


137,170 

1,50,614 

•• 

•• 

•• 

•• 

288,844 

3,47,071 

Bajpntana 


•• 

•• 

•• 

•• 

•• 

•• 

(a)148,114 

2,17,384 

United Provinces 








(5)764,128 

6,62,386 

Olom 

• 

1,218,208 

Xd»65,86S 

216.166 

3 , 17 , 47 $ 

19,974 

8,38,67$ 

2,887,612 

88,60,63$ 


fa} InoludeB 7 tom of <3Udomlte produced in Jalsalmer State, 
(fr) Indades 788,746 tons at Kaniar, 
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Road-metal in India during the year 1931. 
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Maiuslb. 

SAimmiti. 

SiAini!. 

Trap. 

mBOSLUiSEOVB, 



Quantity. 

Value. 

1 

I 

Valne. 

Quantity. 

Value. 

$ 

<1 

1 

1 

1 

1 

Total Valne 
(£1«E8. 18-6), 

Tons 

Bs. 

Tons 

Bs. 

Toss 

£s. 

Tons 

Bs. 

Tons 

Bs. 

Ba. 

£ 



16,062 


•• 

•• 


•• 


6,09,884 

6,46,447 

47,885 



•• 

•• 

•• 

•• 



•• 

•• 

48,886 

8,210 


•• 

48,027 

47,710 

2,288 

67,074 

68,181 

60,620 

98,862 

42,899 

20,60,969 

152,664 



•• 

- 

•* 

•• 

524,694 

9,83,766 

64,676 

74,881 

11,07,199 

82,015 



176,030 

2,00,160 

•• 

•• 

•• 

•• 

1,084,812 

11,97,656 

27,50,861 

208,768 



8,451 

30,278 

•• 

•• 

•• 

•• 

117 

17 

2,08,424 

15,068 



•• 

- 

•• 

•• 

- 

,, 

22,242 

22,427 

6,19,244 

45,870 



17,860 

26,815 

•• 

•• 



•• 

•• 

46,829 

8,469 



•• 

•• 


- 

•• 


0,876 

12,043 

12,619 

985 




•• 

•• 

•• 

- 

•* 

892,768 

2,01,915 

6,89,074 




1,086 

4,468 

•• 

•• 

6,672 

6,708 

102,161 

88,065 

8,48,411 

25,488 



- 

•• 

*• 

•• 

- 

•• 

- 

- 

2,842 

210 


•* 

•• 

•• 

6,766 

1,28,700 

: •• 

•• 


2,648 

6,29,128 

46,602 

4,076 

7,44,080 

164,774 

6,18,464 

816 

1,200 

*• 

•• 

16,107 

26,606 

1(^06,678 

74,668 



2,641 

8,108 

886 

4,180 



676.270 

8,76,881 

14,86.450 

106,404 

4,075 

1,44,080 

i 

436,630 

7, 66,004 

8^700 

2,02,106 

604,647 

W0,984 

2,628,007 

so,es,r6& 

ta4j9s,m 

mm 

























302 Records of the Qeologiccd Swvey of India. [ Voh. LXVI. 


TiBiiK 38 . — Produdion of Clays in India dining Ihc ycui J9HI. 






1931. 



Qnantily. 

Value (fil^Rs. 13*6). 





Tons. 

Bs. 

£ 

Assam . 




19,486 

19,486 

1,443 

Bengal » 


ft ft 

ft 

22,005 

33,155 

2,466 

Bihar and Orissa 


• • 

ft 

22,501 

1,87,676 

13,895 

Burma . 


ft ft 


20,825 

28,178 

2,087 

Central India 


ft ft 


1,046 

8,620 

268 

Central Provinces 


• ft 


36,866 

24,884 

1,843 

IMhi . 


ft ft 


2,563 

1,936 

143 

Gwalior 

• 

4 ft 


377 

1,458 

108 

KaaluBlr • 

« 

ft ft 


11 

11 

1 

Hadzas . 

a 

ft « 


5,196 

2,706 

200 

Mysore . 


ft ft 


23,640 

20,652 

2,190 

Punjab . 


ft ft 


11,852 

1,852 

137 

Bajpntana 

• 

ft ft 

ft 

4,237 

11,391 

844 



TOTAt 

ft 

169,503 

3,46MS 

SSfilS 


CoiumMfe. 


Coranduni. 


An output of 100 lbs. of columbito valued at Rs. 60 (£4) was 
reported from the Monghyr district, Bihar and 
Orissa, during 1931. 

The production of corundum in the Salem district, hladias, 
amounted to 30 tons valued at Es. 2,189 (£162) 
in 1930, but there was no production during 

1931. 

There was an output of 334 tons of felspar v.alued at Rs. 3,335 
(£247), of which 333 tons came from Ajmer- 
Merwara, and only 1 ton from Alvar State, 

Raj^iuia. 
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Tlie reported production, of Fuller’s earth decreased from 4,431 
tons in 1930 to 2,958 tons in 1931. The small output from Jubbul- 
pore was doubled, but that from Jodhpur, 
^ * ■ Bikaner and Hjderabad (Sind), the principal 

producers, greatly decreased, and in the case of Mysore ceased. 


Tablk 39. — Quantity and value of Fuller^s earth ‘produced in India 
during the years 1930 and 1931. 



1980. 

1931. 


Qnanfity. 

Value (£!» 

«Ra. 18*6). 

Quantity. 

Value (£1 < 

18-6). 

Bombatf^ 

Tons 

Ba. 

£ 

Tons 

a 

£ 

Hyderabad (Sind) 

009 

8,089 

229 

478 

10,463 

771 

OetOntl Protfineeg — 







Jnbbolpore 

19 

93 

7 

88 

186 

14 

MifioreStaie. 

280 

294 

22 

•• 

•• 


Rafpatana^ 







Bikaner State . 

1,764 

10,582 

784 

1,146 

8,098 

000 

Jateatmer State 

19 

276 

20 

15 

178 

I IS 

Jodhpur State . 

1,450 

18,000 

1,838 

1,286 

15,400 

1,141 

Total 

4,431 

32^84 

2,395 

%058 

34,315 

2,543 


There was an output of 7-3 tons of garnet valued at Es. 176 
(£13) in Jaipur State, Eajputana, in 1930. The last recorded pro> 
duction of this mineral was 480 tons of garnet 
sand valued at Bs. 1,200 (£90) in 1928, from 
the Tinnevelly district, Madras. In 1931 no gmmet was produced 
in India. 

There was an output of 6*5 tons of graphite in the Eistna dis- 

- ^ ixict of Madras in 1931. The value has not 

Qrapiiiie* - 

been reported. 

There was a small decrease in the output of gypsum from 56,316 
tons valued at Bs. 1,13,512 (£8,408) in 1930, to 
53,632 tons valued at Bs. 97,938 (£7,254) in 


OTPStmi. 


1931. 
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Table 40. — Quantity and value of Gij'pmm 'produced in India during 
the years 1930 and 7931. 



1030. 

1031. 


Quantity. 

Value (£1 k 

=lla. 13-6). 

Quantity. 

Value (£1 ^ 

Ba. 13*6). 

Kwihmiir Stoite 

Tons 

84 

Bs. 

66 

£ 

5 

Tons 

59 

Ita. 

06 

£ 

5 

Madras^ 

Trichinopoly 

42 

(a) 646 

40 

4 

41 

3 

IPuf^db — 

jrhelum .... 

14,6G7 

19,871 

1,472 

16,792 

18,102 

1,341 

IZflrfpMtena— 

J^ner State . 

Jalsalmer State 

Jodhpur State . 

26,452 

171 

16,000 

51,109 

921 

41,000 

8,786 

68 

8,037 

19,672 

205 

17,000 

36,020 

1,201 

43,600 


Total 

66 , 31 $ 


8,i08 

63,632 

97,938 

r,BSd 


(a) Bstlinated. 


The output of Icyanite and Cjuartzite and related rocks in Bihai 
and Orissa is becoming increasiiii^ly important, partly for purposes 
of export, and partly for use in India, such 
furnace linings at Jamshedpur, but in 
1931 showed a fall to a quarter of the 1930 
output. The data for these years, which all relate to the Singh- 
bhum district, except for 3 tons of kyanite produced in Ajmer- 
Merwara, Rajputana, are assembled in Table 43, from which it 
will be seen that there has been a decrease in total output from 
40,143 tons valued at Rs. 2,09,039 (£16,484), to 9,716 tons valued 
at Rs. 68,963 (£6,108) in 3931. The most valuable of these mate- 
rials is Icyanitc extracted for export by the Indian Copper Corpora- 
tion from Ijapso Hill in Kharsawan. 


Table 41. — Quantity and value of Miscellaneous Refractory Materials 
produced in Biha/r and Orissa during the years 1930 and 1931. 



1980. 

1931. 


Quantity, 

Value (£l-«]Et8. 13'6). 

Quantity. 

Value (£1« 

»ll8. 13*6). 

ryanite .... 

SuaxtB-kyanite-scihlst . 
Jnarts-nuoa-sdilst 

Suartsite .... 

Tons 

8,641 

821 

2,267 

28,924 

Bs. 

1,31,505 

4,173 

22,570 

60,791 

£ 

9,741 

309 

1,672 

3,762 

Tons 
(a) 3,412 

*1,544 

4,760 

Bs. 

48,928 

*8,589 

11,446 

£ 

3,624 

'*636 

848 

Total 

40,143 

2,09,039 

35, m 

9,71 » 

08,963 

5,108 


(a) Indudes 3 tons of kyanite produced In AJmoivHerwaia, Bojputana. 
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Thero wr>s a lar^e decrorpe in ihe prcKluction of o(*lire, whioli 
.nmonnlod 1o t,9ri ions vaU^of] ot I?h. 26,<S9r> (IJ OKS) in 1931 

7,011 U‘ns vaKiod al Hs, ^13,346 (£3,9.51) 
in 1030 This docfcaso is diio to Central 
India, there beiii^ a confide aide riM' in onlput from the Central 
Provhiees, tl^c only oilier ln*^e pi'Klneer, and Irifliiii* ris<^« and 
Calls in ilie rdher uiinoi sonror'S. 


Table 42. — Quantity a.ul v'dve of Ochre in India dim}ig 

Ihc years J9o0 and 1937. 



1030 

1031. 


tMnntxtj 

Value (tl-Rfl. 13 5). 

Quantity. 

Value (Jtl - 

Re. 13-6). 


Tons 

Ra 


Toni 

Ra. 

£ 

Crntrpl India 

1 109 

36,522 

2,706 

864 

3,360 

240 

Ccnlril Pr rtincts . 

l,9r»4 

7,380 

547 

2,828 

11,603 

806 

Owahor 

461 

4,203 

316 

667 

5,656 

419 

(iTas .... 

375 

4yOZQ 

300 

300 

8,650 

263 

najpnt'»nfl .... 

382 

1,121 

83 

312 

1,070 

80 

T i''f( Pio^Inrfff . 


-• 

•* 

80 

1 

660 

41 

r 

f 

1 

t 


1 

^5,803 

1,918 


Thcr^ ^ an culpiit oi 23 tona cC pviite in Patiala State, Punjab, 
p in 1930. The value was not reported, 

* Ibe return for 1931 has not been received. 

The fioirres of production of serpentine in the Stardii tahsil, 
Kashmir State, anirnrting to 1-8 Ions valued at Ps. 76 (£6) reported 
for 1930, were identical with those for 1929 
and 1928. The same value has been recorded 
in 1931, but the quantity produced has not been stated. 

A production of 14-7 tons of soda valued at Bs. 63S (£39) was 
reported from the Ladalih faJiRil, Kashmir State, in both 1929 
and 1930, The output reported for 1928 was 
11 tons valued at Bs. 633 (£40), and in 1931 
also, 11 tons valued at Ps. 412 ^£31). Salt, consistiiig for the 
greater part of so'^ium oa’*bonate, sodium bicarbonate and sodium 
chloride, used to be obtained by evaporation from the waters of 
the Lonar Lake, in the Bu* 'an 4I.-iriot of Berar, in the Central 


Soda. 
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Provinces. It was known imclor tho yencTul name of Irona or 
urroy for which tlicvo is no sahahlo otiuivah‘nt in English. Tlic 
total emonnl of /n*-? e extracted in 1920 was 100 ions, the value 
of ^vhicli was Cbtinuted at » s. 3,000 (£22l) ; as the cojupaay 'voiLinfj? 
tho conoession went mto liquidation tlierc Iws \wn no fiirtlnw 
reported production imtil 1930, for which the output was 100 tons 
valued at Ps. 950 (£70). There wes no prodnclion in 1931. 

There was a decrease in the production of steatite, which fell 
from 6,857 tons valued at Us. 2,06,086 (ti5,230) ui 1930, to 5,135 
Sl^nUte valued at Ps. 1,21,508 (£9,001) in 1931. 

'' * This ivns due to the practical extinction of the 

Jubbulpore output ; the only other Lir^^^i pioducer, Jaipur, re<aain- 
ing almost the same, and Ihe small prodiu’^u’s showing negligible 
variations. 


Table 43. — Quantity and value of Steatite 'produced in India during 
ihe years 1930 and 1931. 



Bihar atid Orissa — 
l^fayurbban] 
Semibola Stato . 
Slnghbhum 
Central Xndta^ 
Bijftwar State . 
Central Pwvinceg — 
.Tulbulporo 
Madias-^ 

KoUorc 
Salem 
Mysore 
ItaSpulam — 
AJmor-Menmra 
Jaipur State • 
V rated Provinces-^ 
Hatalrpur 


Quantity. Value (£l--.Es, 33-6). Quantity, Value (£l«Es. 13'6). 


Tons 

Hs. 

£ 

Tons 

Bs. 

£ 

41 

8,950 

293 

27 

2,000 

103 

12 

610 

47 

37 

3,000 

74 

208 

3,J06 

259 

412 

7,746 

674 

33 

1850 

100 

74 

1,200 

89 

2,200 

30,327 


188 

4,077 ] 

302 

35 

1,010 

142 

50 

1,000 

74 

220 

3,48b 

2'.9 

147 

8,075 

228 

no 

662 

42 

79 

674 

43 

16 

105 

8 

25 

160 

12 

8,927 

1,58,225 

11,720 

8,915 

93,884 

6,954 

47 

2,038 

151 

161 

6,183 

458 

6,867 

2,06,08*1 

16,866 

6,186 

1,21,608 

9,001 
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Hitherto, figures of production of ammonium sulphate as a 
bye-product at the coking plants of iron and steel works and col- 

^ . . lieries have been collected only every five years 

Sulphate of ammonia. i.,i . -i . , 

for the qmnquenmal reviews of mineral pro- 
duction, They prove, however, to be of such general interest that 
it is proposed now to report them annually, and the figures for 
1930 and 1931 are shown in Table 44. Values have not been 
obtained, and ammonium sulphate will not therefore find a place in 
Table I. The figures show a decrease in production from 16,131 
tons in 1930 to 12,133 tons in 1931. The exports for these two 
years were 4,860 tons and 3,001 tons respectively. 


Table 44, — Production of Sulphate of Amymnia in India during 
the years 1930 and 1931. 


— 

1930. 

1931 . 

(1) The Bengal Iron Co,, Ltd 

Tons. 

1,914 

Tons. 

718 

(2) The Oriental Gas Co., Ltd. .... 

287 

132 

(3) The Eastern Coal Co., Ltd. .... 

455 

2T8 

(4) Tho lata Iron and Steel Co., Ltd. . . , 

0,033 

5,701 

(5) The Indian Iron and Steel Co., Ltd. . 

3,827 

2,155 

(6) The Lodna Colliery Co. (1920), Ltd. , 

700 

392 

(7) The Barrakur Coal Co., Ltd. .... 

1,203 

1,291 

(8) The East Indian Railway Colliery, Giridih , 

347 

270 

(9) The Bararee Coke Co., Ltd. . . . 

1,365 

1,195 

TotaIi 

1 

16,131 

1 

12,133 


E 2 







Becords of the Geological Survey of India. f Vor^. LXVI. 
IV.— MINERAL CONCESSIONS GRAmCD. 

Tablii! i^.—Slalement of Mineml Cmia'mmis grunlfd during lie year lOd 

Ammi-mixwAUA. 


District. 

Oniiilec. 

AUni'rul. 

.Naturo 

of 

urant. 

Area in acuo. 

Date of 
coninicnoc- 
liicnt. 

Vimcr 

(1) Mr. Niissorwanjl D. 
Contractor, Kaiaar- 
i;anj. 

Kyoiiiic 

P. h. 


6th IVhraaiy 
1U31. 

Do. 

(2) Mr. L. Govaraiian 
Loll Jtatlii, NaBlralwd. 

Mica . 

P. h. 

0‘5 

I2ili March 
1031. 

Do. 

Do. . . 

Do. , 

P. D. 

1-1 

4th May 

1031. 

Do. 

(4) Mr. L. Pra- Narnlii 
C/o Too Paciiuy, 
.Ajmer. 

Kaolin 

P. Ji. 

(llcnewul). 

P2 

2iul Jidy 

1031. 

Do. 

(5) Messrs. AMul OhunJ 
<y Co., Nttsiialiad. 

Mica . 

P, Ii. 

2R 

LLth August 
1031. 

Do. 

(0) Mr. L. Govaidhon 
Lall Batlii. 

Do. , 

P. L. 

38 

26th August 
1031. 

Do. 

(7) Mr. L. Pra<? Naialii 

Kaolin, nii(a,lcl&< 
jiar, «ircen«tinc, 
muscovite <»i n iea 
powder, garnet 
and hor^lore. 

P.L. 

(Hcne\uil). 

4*5 

13th OcUihcr 
1031. 

Do. 

(B) Mr. Nnospr^ianJI D. 
Contractor. 

Beryl ore and 
proclous stoiK . 

M.L. 

•• 

7th Febmacy 
1931. 

Ucawar 

(9) Mr. L. Piag MatnJn 

Boapatono . 

P.D. 

3*f> 

2 let Unreh 

Do. 

(10) Do. , 

Asbestos . 

P.L. 

(Itcucwal). 

fc7 

1031. 

9th June 

1031. 

Do. 

(U) Do. , 

Ochre and soap* 
stone. 

P. L, 

(Ucjic\ial). 

18 9 

31th June 

1031. 

Do. 

Do. 

(12) Do. . 

(13) Do. . 

Asltcalus 

AblM ‘•to‘ and soap- 
stoiie. 

P.L. 

P.L. 

(Renewal). 

11‘8 

36 

10th June 

1031. 

11th Repteni- 
lerl931. 

Do. 

(14) Do. . 

(Iraihitc , 

P. L. 

(RoueMal). 

11-7 

Cfch Novem- 
ber 10 1. 


1 ypui. 

1 ) 0 . 

Do. 

C moil ills. 

1 


1 ynir. 
Do. 

Do. 


Do. 

6 iitorllia 
1 yoa. 


ASSAM. 


Caihai . 1 

! (361 Tho Buddaipnr 
, Oil Co., Ltd. 

Mincialoil . 

P.L. 

• 

J,.^S8 

^t 

hei 1029, 

2jcai 

Do . 1 

(10; Tho Buiniah Oil, 
Co., Ltd. 

Natural liCtrolcnni 

P. L. 


3,001‘ti 

I2th Apji! 
1930. 

Di). 

Do. . 1 

(17) Do. . 

Do. . 

P. L. 

. 

C,l(iO 6 

6th April 

Do. 

Do. . j 

(18) Do. . 

Do. . 

P. L. 


1,6S8 0 

1933. 

3rd Decem- 

1 year, 








ber 3030, 


P. 'l.^Tmpecting H. Ica^, 
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ASSAM— cowft?. 


District, 

Grantee. 

Mineral. 

of 

grant. 

Aiea In acres. 

Date of 
oonunence- 
meat. 

Term. 

t ‘ichar 

(10) Tiio Dnrmab Oil, 
Oo., LtU. 

i atnral petroleum 

P.L. 

2,060-6 

1st June 
1931. 

1 year. 

Khoji and 
•Taintia 
Ifiils. 

(20) Jlr. D. if. Sen . 


• 

M.L. 

2,348*0 

1st Jannaiy 
1980. 

80 years. 

Laishlmpar . 

(21) The Assam Oil Co., 
Xitd. 


• 

P.L. 

6,120-0 

SOlh March 
1031. 

lyear. 

Do* * 

(22) Do. . 

Do. . 


P.L. 

3,968-0 

12th May 

1981. 

Do. 

Do. • 

(23) Do. . 

Do. . 


P.L. 

9,792*0 

8th October 
1981. 

Do. 

Do. . 

(24) Do. . 

Do. . . 


P.L. 

1,792*0 

25th October 
1981. 

2yeaiB. 

1 

Do. . 

Do. . 

(25) Do. . 

{2ii) Do. 

Do. . 

Do. . 


P.L. 

P.L. 

665*6 

1,190*4 

2nd May 

1931. 

8ih October 
1931. 

lyear. 

Do. 

Do. . 

(27) Ihe Assam Ball- 
way and Trading Oo. 

Do. 


M.L. 

2,560*0 

31st Jnly 
1931. 

30 years. 

’Jhsagai . 1 

' (28) Baou Nagendra 

1 Airtth iLoy, 

dual . 


P. L. 

60*0 

28rd Jnly 

1931. 

lyear. 

nylhet 

Do. 

! (20) The BtiTiJiali Oil 
i Co., Ltd. 
j (30) Do. . 

Jllnoraloil . 

Do. 


P.L. 

P.L. 

9,184*0 

3,186*0 

5th March 

1031. 

3rd May 

1931. 

Do. 

Do. 

Do. 

(31) Do. . 

Do. 


P.L. 

8,161*6 

8rd Septem- 

2 years. 




ber 1930. 



(32) Do. . 

Do. 


P.L. 

9,805*6 

i 

1st October 
1030. 

Do. 



BALUCHISTAN. 




Quctto-LMshin 

(33) Mr. Dinshaw 
Kustomjee, Pani 

Colony, Quetta. 

Coal . 

■ 

P.L. 

8,200*0 

23rd June 

1931. 

1 year. 

Sibl • 

(34) The Boriuah OU 
Oo., Ltd., Badarpur 
Ghat. 1 

1 

t 

uL. 

401,520*0 

19th May 

1931. 



BENGAL. 


DUttagoog . |($B)Iiie Binnali OU | Natmalceteoleiim jP.Ii. 
Oo«)i XitcU 
i 


\ 4,000‘0i 




9th Much 2 yean. 
1031. 
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BEEAK MB OEISSA. 





” 


Nature 



Date of 


Dlstdci. 

Grantee. 

Mineral. 


of 


Area In acres. 

commonce- 

Term. 




grant. 



mont. 


Angul 

(86) Babn Eaja 

Ochre 



F. L. 


037-8 

let January 

1 year. 

Tricumjl. 







1031. 


Hazorlbagli 

(37) Mr. S. S. Gnzdar 

Garnet 

• 

‘ 

M. L. 


14-1 

14ih May 

1031. 

30 years. 

Do. . 

(38) Babn M. K. Bay 

1 

1 


and 

P.L. 


61 -2 

6th December 

1 year. 


kyanitc. 






1931, 


Palamau . 

(39) Babn Manjendra 

Giaphitc 



F. L. 


27-1 

12th Octobm 

Do. 


Datt. 






1931. 


Santal Far- 

(40) Babn Bans! Bam 

Cool . 



M. L. 


6-0 

lat Apill 

2 years. 

ganas. 

Morwarl of Gtodda. 







1031. 

Do. 

(41) Do. . 

Do. . 



M. L. 


1-9 

Do. 

Do. 

Do. . 

(42) Do. . 

Do. 



M.L. 


0-3 

Do. 

Do. 

Do. . 

(43) Baba Gonga Bam 
Marwart. 

Do. . 



M.L. 


1-8 

Do, 

Do. 

Do. 

(44) Baba Dansi Bam 

Do, . 


• 

M.L. 


5-0 

Do. 

Do. 


Moiwari. 









Do. . 

(46) Do. . 

Do. . 



M.L. 


5-0 

Do. 

Do. 

Do. . 

(46) Babu BamoBwar 
Maiwarl, Daijl, 

Dumka To^n. 

Do, . 


* 

M. L. 


2-2 

Do, 

1)0. 

Do. . 

(47) Balm Bonbi Bam 

Do. 


* 

M.L, 


6*0 

Do. 

1 year. 


Mar^ ari. 








Do. . 

(48) Baba IFem Obondra 

Do. 



M.L. 


22 

1)0. 

2 years. 


De,Baalkpur,Dunika. 








Da 

(49) Bada Horn Chandra 

Do. . 



M.L. 


1*0 

Do. 

Do. 


Do. 









Do. . ! 

(30) Baba Banei Bam 
Marwari. 

Do. . 



M.L. 


6-(» 

Do. 

Do. 

tiinghbhum . 

(61) Babu M.N. Kumar 

Chromito 

• 


P.L. 


1,528*3 

6th Movom- 
ber 1030. 

Six mouths 

Do. . 

(62) Mr. S. S. Gmsdar 

All mlnoials oxcept 

P.L. 


648 0 

19th February 

Do. 


Iron ore. 

zmoa 




1931. 




and 

procioub 








stones. 








Do. . 

(68)1110 Indian Iron 

Iron oro 

and 

M.L. 

, 

76-2 

lOtli August 

Up to 11th 


and Steel Co., Ltd. 

manganese. 





1931. 

May 

1939. 

1 year. 

Do* . 

(54) Baba Ajat Kumar 

Chromite 



F.L. 


408*0 

27th August 


Mallldk. 







1931. 


BOMBAY. 


Kanara . j 

i 

(65) Messrs. Un'^alla 
Nariman 4: Co., 
Bombay. 

I 

1 

1 

F.L. 

223-0 

13th March 
1931. 

1 year. 

Do. 

(56)Mr.K.JS.Kotnal, 

Bolsar. 

Asbestos and tale 

F.L. 

38-8 

10th June 

1931. 

Do. 

Batnagirl . 

(67) Messrs. Oakley, 
l^can ijk Co,, Ltd., 
Bangalore* 

Chromito , 

F.L. 

1,280-0 

1st January 
1031, 

Do. 


Dma. Jt, L,=3liulw imh. 
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Dlrtiict. 

€frantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence- 
ment. 

Term. 

Akyab 

(58) Messrs. The 

Bnmah Oil Co., Ltd. 

Natural petroleum 
(Inctudlnu natural 
gas). 

P.L. 

4,480'0 

28lh July 

1931. 

1 year, 3 
months, 

4 days. 

Do. 

(69) Do. 

Do. . 

P.L. 

1,28Q>0 

2nd Novemher 
1950. 

2 years. 

Do. 

(60^ Messrs, The Indo- 
Burma Petroleum Co., 
Ltd. 

Do. . 

P.L. 

(Benewal). 

5,440*0 

15th December 
1930. 

1 year. 

Do. 

(61) Messrs. The 

Burmah Oil Co., Ltd, 

Do. , 

P.L. 

(Benewal), 

5,056*0 

9th May 1031 

Do. 

Do. 

(02) Do. 

Do. . . 

P.L. 

(Benewal). 

4,362*0 

Do. , 

Do. 

Do. 

(05) Messrs. The Indo- 
Burma Petroleum Co., 
Ltd. 

Do. . 

P.L. 

(Benewal). 

1,177*6 

22nd April 
1981. 

Do. 

Do. 

(04) Messrs. The Ihirmah 
Oil Co., Ltd. 

Do. . 

P.L. 

(Benew<lt). 

033*6 

30th July 

1931. 

Do. 

Arahoist . 

^05) Maunc; On Po 

All minerals e'rcept 
oil. 

P.L. 

1,280*0 

6th Pchruarx 
1031. 

Do. 

Bhamo 

(Cfl) ■'te^«rs TheT'voy 
Tin Syndicate Ltd. 

Cold . 

P.L. 

(Benewal). 

3,232*0 

24th October 
1931. 

Do. 

Do. 

/07) Do. 

Dc. . . 

P.L. 

(Bencv.al). 

0,328*0 

Do. 

Do. 

Do. 

(08) Do. . 

Do. 

P.L. 

(Benow il). 

825*0 

Di 

Do. 

chid- 

dwm. 

(00) lh‘ Indo- 

jiniiiiiPiUolt am Co., 
Ltd. 

N ituial ptdioli (iin 
(includin'? natural 
ffasi). 

P. L. 

5,700 0 

5th July 

1030. 

2 years. 

Do. 

(70) Mihiis. Tno 

Buriiiah Oil Co., Ltd. 

Do. . 

P.L. 

(Benewal). 

640'0 

21th January 
1031. 

1 year. 

Do. 

(71) Messrs. The lodo- 
Bmma Petrolouiu Co,, 
Ltd. 

Do. . 

P. L. 

(Benewal). 

823*8 

30th July 

1 1931. 

Do. 

Mdgvc 

(72) Messrs. The 

Burmah Oil Co., Lid. 

Do. . 

P.L. 

473*0 

17th April 
1931. 

2 years. 

Do. 

Do. 

(73) Messrs. The BiiH-h 
Banna Petroleum Co., 
Ltd. 

(74) Messrs, The 

Yenangydunix Oilfield 
Southern Eiten^ion 
Ltd. 

Do. . 

Do. . 

P. L. 

P.L. 

3,863*7 

2,880*0 

5th March 
1931. 

21st December 
1931, 

Do. 

Do. 

Do. 

(75) Messrs. The 

Burmah Oil Co., Ltd. 

Do. , 

P.L. 

060*0 

2nd Sentem- 
b«r 1931. 

Do. 

Do. 

(76) Messrs. The British 
Burma Petroleum Co., 
Ltd. 

Do. . . 

P.L. 

(Benewal). 

70*4 

26fh August 
1929. 

1 year. 

Do. 

(77) Messrs. The Indo* 
Burma PiBtiotetim Oo., 
Ltd. 

Do. . . 

P.L. 

(BenewaO. 

mo 

16ih Apnt 
1980. 

Do. 
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District. 

Grantee. 

Mineral. 

STature 

of 

i]^nt. 

Area In acres. 

Date of 
commence- 
ment. 

Term. 


(7S) Mr. A. 1101101 m . 

Natural pelrolpum 
(Includlnj; a.atviral 
?as.) 

P. L. 

(llon<*waI), 

L2P()-0 

271 h July 

1930. 

Till the 
issue ( t 
a mln- 
in" lease. 

Do, 

(79) Jfo'Ws.ThoDritlsh 
Burin i ?» trnJ^^um Co., 
Ltd. 

Do. 


P. L. 

(li'‘newaB 

n.-iJO 0 

1st AjlTll 

lOIJI. 

1 V u. 

Do. 

(80) Do. 

Do. 


r. u 

(ReneFnlV 

13,JJ60-0 

11th April 
1931 

Do. 

Do. 

(81) Do. 

Do. 

• 

P. L. 

(Benewiil). 

040-0 

23rd July 

1031. 

Do, 

Do. 

(82) Do. 

Do. 

• 

P. fi. 

(Denew.il), 

1920 0 

20ih April 

1031. 

Do. 

lerjuii 

(83) Mr. i^ul Mohained 

Tin and ellied mi- 
nornD, 

P.L. 

153-6 

ISth April 
1031. 

Do. 

Do. 

(81) AD. AhTChoon . 

Tin 01 e 

• 

p. n. 

102- J 

15th Au(;usi 
1031. 

Do. 

Do. 

(85) aiT.a.F.Dond . 

Gold till find .ilUed 

iniiii'raK. 

p. h. 

390-1 

361 li Pebiiiaia 
1031. 

1)0, 

Do. 

(86) D. E. Oyi . 

Tin and 
iiiim rals. 

allied 

p. h. 

128-0 

22iul ATay 

19,11. 

Do. 

Do. 

(87) Mr. Oul MohnmMl 

Do. 

• 

p. h. 

fiUVO 

1 Ith Afareh 
193J. 

Do. 

Do. 

(83) UMm!; Coke Dye , 

Tin . 


p. n. 

217-6 

ftlh Auku-I 
10,01. 

Do. 

Do. 

(89) The Miilnyan and 
General Tru-il LUl. 

Do 

• 

P. L 

098-I 

21th ifieptem- 
hei 1931. 

Do. 

Do. 

(90) Mr. Kopnr 8ln<?h 

Tin and wollrnin . 

P. L. 

3()I-a 

1 

20th August 
10,31. 

Do. 

Do. 

(91) Do. 

Do. 

• 

P.L. 

1 

20<l-8 

22nd October 
1031. 

Do. 

Do. 

(02) Mr.P.VahYii . 

Tin and 
mlner«ils. 

allied 

P. L. . j 

102-1 

23rd October 
1931. 

Do. 

Do. 

(93) Mr. K. Ahmed . 

Do. 

• 

P. L. 

275-2 

2Uh August 
1931. ! 

Do. 

Do. 

(94) Mr. a. H, Hand . 

Gold, tin and allied 
minerals. 

1*. L. 

268-0 

10th Soptom- 
ber 1081. 

Do. 

Do. 

(0>) Mr. DdlLindas . 

Tin and 
mineralii. 

jOlled 

P. L. 

211-2 

11th Sopt em- 
ber 1031. 

Do. 

Do. 

(06) Mr. Old Mohamed 

Do, 

• 

P. L. 

185-0 

ISth October 
loai. 

Do. 

Do. 

(97) Bn Gwan Kyin . 

Tin 01*0 

• 

P. U 

96-0 

5th De<*om- 
ber 1931. 

Do. 

Do, 

(98)Mr.Ddhanda8 . 

I 

Tin and 
mim^rale. 

aided 

P. L. 

560-4 

21st Septem- 
ber 1931. 

Do. 

Do. 

1 (90) Manng San Dun . 

Tin . 

• 

P. L. 

211-2 

14th Decem- 
ber 1981. 

Do. 


P. Xi,^Fr<t9ped(ng JAesm, 
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Dlbtilct. 


HJQneiEal. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence- 
ment. 

Tciui. 

Mers^nl 

(100) Ml. L^liell.Me 

Tin and 
minerals. 

allied 

P. L. 

826- 4 

17fch Novem- 
ber 1081, 

1 year. 

L»o. 

(101) \.aSlieo . 

Tin and woL'iam . 

P.L. 

102-0 

14th Novem- 
ber 1031. 

Do. 

Do. 

(102) Mr. P. B. 0. 
Watson. 

Tin and 
mlneioL. 

allied 

P.L. 

218-2 

8th January 
J032. 

Do. 

Do. 

(10^) ?IP. Udhandas . 

Do. 

• • 

P.L. 

230-8 

25th Novem- 
ber 1081. 

Do, 

Do. 

(101) :ir. B. B. Jnbb . 

Tin . 

• - 

P.L. 

172*8 

20th Angusi 
1031. 

D.\ 

Do. 

(105) Messrb. Holmes 
ana Mori;an. 

Do. 

• - 

M. L. 

230-4 

1st July 1031 

80 yerrs. 

Do. 

n 30) 3tr. L. H. Beale . 

Tin and 
minerals. 

allied 

M.L. 

072-8 

16th May 

1929. 

Do. 

Do. 

(107) Ji, E. Mawell 
Jbeiroy. 

All mhierols esoopi 
oil and pieotuds 
stones. 

P.L. 

(Benewol). 

403*2 

26th October 
1030. 

1 year. 

Do. 

(iOt>) Mr. jILoo run 
I3y*i. 

Tin and 

mtiioiols. 

allied 

P.L. 

(Renewal). 

315*6 

lOlh Novem- 
her 1930. 

Do. 

Do. 

(aIM; 111 . 

JIo . 

• 

P.L. 

(ReLcwal). 

57*6 

18th february 
1031. 

Du. 

Do. 

(110) Ma TiJ . 

Iin and 
mu ^lols. 

ai’kd 

P.L. 

(Renewal). 

236 0 

14tU robruori 
1981. 

Do. 

3/0. 

(Ill) TIi^ Mai lyan ami 
U^nei-iU ilrd'sZ Ltd. 

Tin . 


P.L. 

(Renewal), 

170*2 

nh March 
1081. 

Do. 

Do. 

i 

(112) Mr. aUoo run 
Bjau. 

Tm and 
minerals. 

allied 

P.L. 

(Renewal). 

371*2 

20th May ! 

1081. 

Do. 

Do. 

(113) Du Uwan HjiU . 

Tin . 


P.L. 

(Renewal). 

25*6 

nth Jniy 

1031. 

Do. 

Du. « 1 

1 

(114) Xhe Malayan and 
acuorol Truit Ltd. 

Tin and allied 
minerals except 
mineral oil. 

P.L. 

(Renewal). 

1,000*8 

24tb Angnst 
1931. 

Do. 

Do. 

(115) Mr. M. Haniff . 

Tin oie and otliei 
allied metals. 

P.L. 

(Renewal). 

166*4 

15th April 
1981. 

Do. 

Uu, . 

(110) Leon^ x‘*olce 3Iye 

Tin i*nd 
minoralb. 

alUed 

P.L. 

(Renewal). 

160*1 

1st July 

' 1031. 

Du. 

i)j. 

(117) U, E. Uyi . 

Tin, wolfram and 
allied minerals. 

P.L. 

(Renewal). 

b3*2 

101 h beplgm- 
her 1031. 

Do. 

Da. 

(118) Mr. £hoo Tan 
B>an. 

Tin and 
minerals. 

allied 

P.L. 

(Renewal). 

102*0 

14th Angost 
1031. 

Do. 

I/O. 

(119) Saw Maung Po . 

Tin . 

• • 

P.L. 

(Renewal). 

380*4 

nth Septemr 
bet 1031. 

Do. 

Do. « 

(120) £ng Tain Loong 

Tin and 
minerals. 

aUied 

P.L. 

(Renewal). 

330*2 

I8th Septem- 
ber 1981. 

Do. 

Do. 

(121) Do. 

Tin . 

• 

P.L. 

(Renewal). 

108*8 

26th October 
1081. 

Do. 


P. l..»Pn9««v AHUM. IL Ask 
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Dlatrlofc, 

Orantee. 

Mineral. 

Nature 

of 

grant. 

Area in acres. 

Date of 
commence- 
moul. 

Term. 

Moiqui 

(122) Ifr. Mohamod 
Ghouse. 

Tin and allied 
minerals. 

P.L. 

(Renewal). 

436-2 

241 h Odoher 
3931. 

1 year. 

Do. 

(123) Eng Tain Loong 

Tin ore 

P.L. 

(Eene^al). 

67-C 

18th Decem- 
ber 1931. 

Do. 

Mylnsyan . 

(124) Dr. A. W. G. 
Bleak. 

Natural petroleum 
(including natural 
gas). 

P.L. 

010-0 

27 th January 
1031. 

2 years. 

Do. 

(125) Messrs, The 

Yeuangyaunci Oilfield 
Southern Extension, 
Lid. 

Do. . 

P.L. 

1,440-0 

10th Novem- 
ber 1931. 

Do. 

Nort horn 
Shan 
States. 

(126) Messrs. The 

Burma Corporation, 
Lid. 

Iron ore 

IT. L. 

40-0 

Isi Mar h 

1931. 

30 ye-ura. 

Do. 

(127) Do. . 

Do. 

M.L. 

40-0 

Do. 

Do. 

Do. 

(128) Do. . 

Do. 

M, L. 

42-8 

Do. 

Do. 

Do. 

(120) Mr. A. a. Ohei- 
lauder, Namlu. 

Ii(‘,id and silver 
ore* 

P. L. 

(Renewal). 

320-0 

2 Isi Aegusi 
1031. 

1 year. 

I’akokku . 

(l.m) M 0 .SIS. The 

nuirnah Oil Co., Lid. 

Nnfuial iK‘tioleiim 
(In •hiding naitual 
gas). 

M. L. 

1,280-0 

iHt July 1030 

30 jeaib. 

Do. 

(131)0 To SUwe 

Do. . 

M. L. 

021*0 

loth Novem- 
ber 10,11. 

Do. 

Do. « 

(332) U Thu Daw 

Do. . 

M. L. 

010-0 

tst 0( toher 
1031. 

Do. 

Do. 

(133) Messrs. The 

Burmah OH Co., Ltd. 

1)0. . 

M. L. 

l,70R-8 

Isi Jiil^ 1030 

Do. 

Do. 

(134) Do. 

Do. . 

U. L. 

0000 

Do. 

Do. 

Do. 

(133) Messrs. The Kau- 
qoon Oil Co., Ltd. 

Do. , 

M.L. 

3,280*0 

3)0. 

Do. 

Do. 

(136) Messrs. The 

Burmah OH Co., Ltd. 

Do. . 

P.L. 

(Renewal). 

320*0 

2Hh Apiil 
1031. 

1 icar. 

Shwoho 

(187) Messrs. The Tndo- 
Burma Petroleum Co., 
Ltd. 

Do. . 

P.L. 

(Renewal), 

5,440*0 

141 h Augmt 
1931. 

Do. 

Bo Tithoxn 
Shan 

States. 

(138) Mr. B. 0. M. 
G^ruti. 

All inineralfa except 
mineral oil. 

P.L. 

400*0 

ith Augibt 
1031. 

Do. 

Do. . 

(139) Do, . 

Do. . 

P.L. 

' 400-0 

Do. 

Do. 

Do, . 

(140) Mr. Aijdul Haq . 

WoUram 

P.L. 

(Renewal). 

000-0 

3rd July 1031 

Do. 

Do. . 

(341) Mr. J. W. Ryan 

All minerals except 
oil. 

P. L. 

1 (JRoncwal), 

1280*0 

27th Juno 

1931. 

Do. 

Tavoy 

(142) Mr. 7. M. iChan 

Tin and woliram . 

P.L. 

499*2 

20th Januaiy 
1931. 

Do. 

Do, 

(148) Mr. D. E. Bowlc 

Do. . 

P.L. 

040-0 

7th August 
1981. 

Do. 


Xdemte, H« X/em, 





Part 3.] Brrok : Mineral Proiw^im, 1931. 316 


BURMA— ijowfi. 


District. 

Grantee. 

Mineral. 

17atare 

of 

grant. 

Area In acres. 

Date of 
commence- 
ment. 

Term. 

Tavoy 

(lit) Mr. Qnah Han 
Oheong. 

Tin and wolfram . 

P. L. 

64-0 

l«tt Scpteni- 
her 1031. 

1 year. 

Do. 

(146)Mr.YocEyIHan 

Do. . 

P.L, 

276-2 

24th October 
1031. 

Do. 

Do. 

(1 W) U Ohn Nynn . 

Do. . 

P. L. 

608-0 

23rd Dccom- 
bor 1931. 

Do. 

Do. 

(147) Mr.C.SooDon . 

Do. , 

P.L, 

358-4 

84lh October 
1931. 

Do. 

Do. 

{148) Mews. Tho Tavoy 
Tin Dredging Corpora- 
tion Ltd. 

Tin . . . 

M. L. 

1-9 

1st April 1031 

30 years. 

Do. 

(119) Mr. Khoo SeinI 
Shin, 

Tin and woltram . 

M.L. 

416-0 

1st Pebmary 
1931. 

Do. 

Do. 

(150) MewPt. The 

Borma Malaya Mines, 1 
Ltd. j 

All minerals euept 
oil and precious 
stones. 

M. L. 

44-8 

1st May 1981 

Do. 

l>0. 

(131) Mr. Qnah Hnn 
Choong. 

Do. . . 

M.L. 

826-4 

Ist August 
1931. 

Do. 

Do. 

(152) Messrs. Thu 

Anglo-Burma Tin Co., 
Ltd. 

-U1 imner.\lb except 

M.L. 

1,715-2 

1 l&t Septem- 
ber 1981. 

Do. 

T)o. 

(153) Do. . 

Do. . 

M. L. 

131-4 

M July 1930 

Do. 

J>o. 

(154) Do. . 

Tin aiul woltram . 

P.L. 

(JRonewal). 

2,281*8 

16th August 
1980. 

lycar. 

Do. 

(155) U Ohn an . 

Do. . . 

P.L. 

(lleucMal). 

249-6 

28th Juno 
1030. 

Do. 

Do. 

(150)trBaOb . 

Do. . . 

P.L. 

(Beneval). 

595-2 

14th Novem- 
ber 1030. 

Do, 

Do. 

(167) Mr. H. 6. Gregson 

Do. . 

P.L. 

(Eencwal). 

134*4 

7th Septem- 
! ber 1930. 

Do. 

Do. . : 

a68) UHydiug. 

Do. . . 

P.L. 

(Honcual). 

640*0 

16th January 
1931. 

Do. 

Do, 

(160) Moswfs. Tho 

A]^o-Duima Tin Co., 

Do. . 

P. I. 

(Eenewal). 

230*4 

Ist Pebmaiy 
1931, 

Do. 

Do. 

(160)Mr.TehLuPe . 

Do. 

P.L. 

(Benewal). 

89^ 

5tb June 

1931. 

Do. 

Do. 

(161) UOhnilynn . 

Do. . . 

P.L. 

(Eene^^al). 

240*6 

28th June 
1931. 

Do. 

Do. 

(162) Do. . . 

Do. , . 

P.L, 

(Benewol). 

320*0 

27(Ai June 
1031. 

Do. 

Do. 

(163> V Kyaing. 

Do. . 

P.L. 

(Eonewal). 

1,008*8 

9th August 
1981. 

Do. 

Do. 

(164)Mjf,C.SooDon . 

Do. . 

P.L. 

(Eeneital). 

320*0 

let August 
1981. 

Do. 


K. A.«AMiv iMW. 
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fVoi..LXVI, 


DiSkicl. 

UrAuLeo. 

Miiieral. 

Katore 

oi 

grant. 

Area in at m. 

D«(t‘ of 
commenee- 
ment. 

Torm, 

TAVoy 

(X05/ Mr. D. iJ. Ciregtiozi 

Iiiiudd wolfram . 

D. L. 

(Konewal). 

184-4 

7tli Soptem- 
bor 1031. 

1 ycai. 

Tdatou 

(iou) sic. A. 0. Martm 

All miuurali uxcopt 
OIL 

P. u. 

4U3-2 

30Ui Septem- 
ber 1031. 

Do. 

Thayetiuyo 

(107) Metj'irj. Tiie 

Duriaaii Oil Oo., LtdL 

17idural pekolettiu 
(iaclttdiug uaturid 
gas). 

P. L. 

3, (180-0 

8(h .ranuary 
1931. 

2 year. 

Do. 

(16b) Do. . 

D'). . 

P. L. 

2,240-0 

2.3rd March 
1031. 

Do. 

Do. 

(169) Mosarb. Tho ludo- 
Diiriiu Mrolouiu Oo., 
Ltd. 

Do. , 

P. L. 

(Renewal). 

8,060-0 

0th February 
1931. 

1 year. 

Do. 

(170) Do. . 

Do. . 

P. L. 

(Koaowal). 

2,389-8 

28th April 

1931. 

Do. 

Upper Chln- 

(171) Musbrn. Jrair- 

^veai;llor JiioluirOa ds 
Co., Ltd. 

Coal , . . 

P.L. 

(Jieiiowal). 

1,827-2 

20th October 
1030. 

Do. 

Do. 

(172) Do. . 

Do. . 

J». L. 

(Itunowal). 

1.280 0 

Do. 

Do. 

Do. . 

(170) Do. . 

Do. . 

P. L. 

(lienowal). 

8,680-4 

XJth March 
L031. 

Do. 

Do. . 

(174) Da . 

Do. , 

P. L. 

(Ikuowal). 

7U1-0 

Do. 

Do. 

Do. . 

(175) Do. . 

Do. . 

J>. L. 

(Renewal). 

1,868-8 

15th August 
1031. 

Do. 

Do. 

(170) MuMi. TilO 

DuruiDi Oil Co., Ltd. 

l^atULAl {Kitrolcum 
(iiirliuliiig uatufdl 
gas). 

P. L. 

(lltMiewal). 

8,820*0 

25tb June 

1031. 

Do. 

Do. . 

(177) Do. . 

Do. . • 

P.L. 

(lionewal). 

640-0 

Gth October 
1031. 

Do. 


CBUTRAL BBOVINCBS. 


Daiaghut . 

(178) Mr. Diwouehaud 
Jiwar. 

Maxiganeso * . 

M.L. 


17 

1 

lUth Juno 

1981. 

6 yeans, 

Do. 

(179) Dai Bahadur 

Baubhilal Aboerchand, 
Mining 8yndi(iaie. 

Do* 

M.L. 


7 i 

8th December 
1031. 

10 years. 

Du. 

(ISO) Hr. H. B. Matlap 
tla. 

Do. 

P.L, 


10 

26th May 1931 

lyear. 

Do. 

( 181 ) Do. 

Do. 

1 

P.L. 

• 

61 

21et October 
1031. 

Do. 

Bhandra . 

(182) Hr. Qanpat Boo 
andDhanpatBao. 

Bod iron ozldo and 
bauxite. 

H.L. 

• 

30 

26th Septem- 
ber 1931. 

80 years. 

Do« • 

(183) BalBabadurBoth 
aovardhaadass ot 

Dumaur, 

HanganeBO . 

H.lu 


20 

11th April 

1031. 1 

6 years. 


Ltmm. U, Zmw. 
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CENTBAL PEOVINCES-co»if(Z. 


Bistilct. 

Grantoo. 

Mluoial. 

Jfature 

ot 

gT.«lt. 

Area la aciota. 

Date ol 

mpiit. 

Tmin# 

Bila^pur . 

(ISJ) Jl r.is. Guidait 
Si'* h >faP4ciM)iinl. 

LJmpsttmc and do- 
lomite. 

P. L. 


9r> 

12th May 

1941. 

1 year. 

1)0. 

(18.'») Giirlm. 
riinth rttam Sinjih. 

Limestone . 

P.L. 


00 

8ih May 1041 

Do. 

Do. 

(ISO) ’Tr. A. If. Wasu- 
deo Dao. 

Do. 

P. L. 


28 

17th em- 

ber 1031. 

Do. 

Do. 

(187) "^It. Dhanji 

Kupwarjl. 

Do. 

Q.L. 


2i 

18th June 

1931. 

10 ycais. 

Do. 

(188) ^rr. UiUjl .Dicfnial 

Do. 

Q.£. 


to 

21st October 
1931. 

Do. 

Do. 

(180) al 0 '''is. Ohandar 

Tiill Tix'ir.1 K’iT'ifli. 

Do. . 

Q.L. 


Si 

7th Septem- 
ber 1931. 

Do. 

(’hand.! 

(IPO) Sir V. B. DadP- 
) hoy cl ya 

toil . 

P. L. 


S,540 

22nd July 

1001. 

1 year. 

ClililulMira 

(191) Mr. A. V.-Wazal- 
Tfu', PleiJe: cJS'ue- 
rni. 

Mai'tanfoc 

if.I. 


IG 

nth Fetni* 
aiy J931. 

80 years. 

r>n . 

(l'>2) Mr. B. D, G* enlia 
of Np -ip.r. 

Coal . 

M.l. 


no 

ICth Novem- 
ber 1931* 

Do. 

Do. . 

flV) \'t '.V. Vaml- 
» , PI V* .(1 

- 

TuE«nr<'«.'' . 

P.L. 


40 

lOtb Pebru- 
ojy 1931, 

i 

1 year. 

Do. 

(I*D 
niK’ . 

, * o.u 
\ 

P.L. 


Sfli 

Ctli Novem- 
ber 1931. 

Do. 

Do. 

(l‘*5) *r . B. V,(i ti p 
f f ? .a .] ’ • 

' Lu. 

P L. 


nu 

( tu Janu.t\ 
1011. 

Do. 

Do. . 

(190) Moot. The Iiidiai 
31.111 .‘•»Df‘‘p Co, ltd.j 
^agpnT. 

v,-.2n . c . 

\ L. 


210 

loth Apiil 

lO.n. 

Do. 

Do 

(197) Vp:OT.R.C.Coni- 
bata ar 1 Con.;>ory. 

Coal 

P. L. 


1,740 

4Ui July (031 

Do. 

Do. . 

(198) Hlrdaf-ar CoDlo* 
rlcf, Ltd., ITa ^»«r. 

Du. 

P.L. 


427 

Do, 

Do. 

Do. . 

(190) Do. 

Du. 

P.L. 


810 

Du. 

Do. 

Do. , 

(200) Do. 

Do. , 

P. L. 


479 

4tli Ausutit 
1981. 

Do. 

Do. . 

(201) Mr,B R. Goenlia 
of Nagpur, 

Do. . . . 

P.L. 


1,096 

2nd July 1981 

Do. 

Do. , 

(202) lala Endhoolal 
Bhhan lai Xath of 
Gla^a^ ar*. 

Do. . 

P.L. 


6Cw^ 

} 

21st Deoi'iu* 
bH 1U31, 

Do. 

Do, . 

(20*J) :Tc«^is. ^ C. Cam- 
bata and C impriiy, 
Bombay. 

Do. . 

1 

1 

• P.L. 


} 1,CG8 

4fli Novem- 
ber 10 1. 

Do. 

Do. . 

(204) Peth Bararima] 
Bazar^ Cbhlrdiivaia. 

ll Do. 

i 

P.L. 

• 

888 

i 

I4th Novem- 
ber 1081. 

Do. 


P. Ii. ^Trotjpecfiw/ Zieensi, M, L. Zeaie* Q. Lieeme, 
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[VOL.LXVI, 


CENTEAL momUES-cmM. 


District. 

Grantee. 

Mineral, 

Katuro 

01 

grant. 

Area In acres. 

Date oi 
(•oinmenro- 
ment. 

Tciin. 

JnbbulpoTO 

(205) The Katui 

Cement and Industrial 
Co., Ltd. 

Clay . 


Q.L. 


2t 

18Ui March 
1931. 

12 years 9 
months. 

Do. . 

(200) Jtr.G. Forrester 

Latcrite 

. 

Q.L, 


1 

2l8t May lOiil 

10 years. 

Do. . 

(20?) Mr. B. E. Dutt . 

Platinum, 
gold and 
dlum. 

silver, 

vana- 

F.L. 


320 

lOtli boptem- 
ber 1031. 

1 year. 

Do. . 

(208) Do, 

Bauxite, chro- 
mium copper, 

gold, iridium, 
osmium, palla- 
dium, silver, 

thorium, tita- 

nium, rhodium, 
rubidium and 

vanadium. 

P.L. 


470 

7th August 
1031. 

Do. 

Do. . 

(209) Do. 

Do. 


F.L. 

• 

28 

12th Septem- 
ber 1981. 

Do, 

Do. . 

(210) Do. 

Bauxite, osmium, 
ruthonium, 
cerium, palladium 
silver, gold, plati- 
num, thorium, 
iridium, rho- 

dium and tito^ 
niuni. 

P.L. 


00 

Do, 

Do, 

Do. 

(211) Mr. a.H.Cook. 

Limostuuo . 

• 

Q.L. 


1 

27th AprU 
1031. 

10 years 

Do. . 

(212) Iktr. Jogindra 

Fall Maltra. 

g 

II 

red 

1». L. 


13 

14ih April 

1931. 

1 year. 

Do. . 

(213) Mmrs. MaePher- 
son and Company. 

Limestone . 

• 

Q.L. 


3 

17th Docom- 
ber 1930. 

10 years. 

Do. 

(214) The Bauxite 

Chemical and Deve- 
lopment Syndicate, 
Ltd. 

Bauxite, gold, 

nickel, mang]^ 

nose, platinum, 
silver and copper. 

F. L. 


07,130 

25th June 

1931. 

lyeor. 

Do. . 

(215) Messrs. Bohat All 
M. Salim, 

Limestone . 


F.L. 


47 

18th April 
1031. 

Do. 

Do. • 

(216) Mr. Ealyanjl 

Kaohhi. 

White clay , 


P. L, 


82 

6th Bovem- 
ber 1081. 

Do, 

Ifagpoi 

(217) Mr. A, V. Wazal- 
war. 

Galena . 


P.L. 


105 

24th March 
1031. 

Do. 

Do. 

(218) Bhan Boliadnr 

Olay . . 

f 

Q.L. 


1 

8th April 1981 

Up to 4ih 
April 
1988. 

Do. 

(219) Mr. KnibonaU 
Mainn Miyaa. 

Do, • • 


Q.L. 


6 

10th March 
1081. 

10 years. 

Do, » 

(220) Messrs. Kowal- 
1 ram and Cbotelal. 

Do. . . 


Q. L. 


1 

12th Kovom- 
her 1981. 

Do. 

Do* • 

1 (221) Mr. Sudan 

1 Dmrao, Eumbhar. 

Do. . . 

_ 


Q.L. 


2 

25th Airgust 
1031. 

Do. 


P. Hwm*. Ii.xQMnv UMiw. 
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Diiitrict. 

Grantee. 

Mineral. 

Ratiire 

oi 

grant. 

Area in aeiis. 

Date of 
commenco- 
znent. 

Term. 

K'agliiir 

(222j 'XLc^-^n. Bhawanl 
OAd Joi^nnath ICum- 
l)hai9. 

CUy . 


Q.L. 

2 

22nd Juno 

1031. 

10 years. 

Do. 

(228) The Centjpl JPio- 
vincts ’ttftimanese Ore 
Companj, Ltd 

JLin^mp'se 


M. L. 

XO^ 

12th ISTovem- 
ler 1901. 

80 years. 

Do. 

(224) 

Do. 

Do. 


M. L. 

1 

Do. 

Do- 

Do. 

(223) 

Do. 

Do. 


M.L. 

21 

Do. 

Do. 

Do. 

(220) 

Do. 

Do. 


M. L. 

205 

Do. 

Do. 

Do. 

(227) 

Do. 

Do. 


M.I. 

09 

Do. 

D(, 

Do. 

(228) 

Do. 

Do. 


M.L. 

14 

Do. 

Ih\ 

Do. 

(229) 

Do. 

Do. 


M.L. 

135 

Do. 

Do. 

Do. 

(230) 

Do. 

Do. 


M.L. 

44 

Do. 

Do. 

Do. 

(231) 

Do. 

Do. 


M.L. 

67 

Do. 

Do. 

Do. 

(202) 

Do. 

Do. 


M.L. 

20 

Do. . 

Do. 

Do. 

(233) 

Do. 

Do. 


M. L. 

1 

Do. 

Do. 

Do. 

(234) 

Do. 

Do. 


M.L. 

64 

Do. 

Do. 

Do. 

(236) 

Do. . 

Do. 


M.L. 

50 

Do. 

Do. 

Do. 

(236) 

Do. 

Do. 


M.L. 

1 

Do. 

Do. 

Do. 

(237) 

Do. 

Do. 


M.L. 

U 

Do. 

Do. 

Do. 

(238) ?Ir. J uuma 

Biiian Kuiiihhar. 

Clay . 


Q. L. 

2 

Do. 

10 years. 

Do. 

(2i9)ir’’. Trimlak 

Kiishiia Kohtkor. 

Limtsione 


Q.L. 

2 

4th 2Iovem- 
berlOSl. 

3 years. 

Do. 

{2-*0) Sir 11. D. Dado- 
hnoy, Kt., C.l.E. 

Maii.j'iniMe 


ar.L. 

1 

2 

20th August 
; 1931. 

Do. 

Do. 

(211) R. B. D. A. 11. 
Syudicate, 

Do. 


M. L, 

1 

32 

20th August 
1931. 

10 years. 

Haipor 

(242) llr. llaiiinolian- 
lal, Contractor. 

Tidu «tone 


P.L. 

1G9 

18th July 

1931, 

1 year. 

Do. 

(213) 

Do. 

Do. 


Q.L. 

21 

19th Decem- 
ber 1931. 

10 years. 

Do. 

(244) Me&siB. S. C. Bo&o 
and Company. 

Do. 


Q.L. 

20 

14th Decem- 
ber 1081. 

Do. 


MADRAS. 


Anantapur . 

(245) Idr. 6. S. Guzdar 

Barytes . 

M.L. 

iai'50 

1st Ootober 
1931. 

80 years. 

Do. . 

(846)M:r.U.BAjegopal 

Kayudu, 

Do. • 

P.L. 

49*95 

26th Rovem- 
ber 1081. 

lyear. 


P. L.mProipeetino liaiue^ K lj,^Minin0 Um, Qt L»*"^iM0Ty Liemi. 
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Grants p. 

MimwI. 

K'.itiiro 

oi' 

j.rant. 

AT<‘a fn anrfs. 

J>ni«‘ c)i 
<-oTnn,ci)(’o- 
nicnl . 

Tern 

\jnfitM' r • 

(247) Khan aaW3» 

Abdul nyo. 


• 


V. L. 

22-10 

2iid Auuisi 

iy,u. 

1 jcar 

iiu>l(lu|>ah . 

(248) Mt. Abdul Da- 
kecm. 

Do. 

• 


V. L. 

100-(») 

lltb Match 
1031. 

Do. 

3)0. 

(2^0) m. l-wnakl 

Jflania?tt3»ha Deddl. 

klan^anosp 


* 

P. L. 

211-20 

22-1(3 Aut,iiat 
1030. 

Do. 

Do. 

(200) Mr. Thomas TiiHu 

Darytos 



P. L. 

12251 

LOfch 3)(X-(‘m- 
ber 1930. 

Do. 

Do. 

(253) Mr. S. S. Guzdar 

Do. 



P.D. 

40-00 

20th April 

1031. 

Do, 

Do. 

(252) Do, 

Do. 



P.L. 

24-30 

8th Auaiist 
ion. 

Do. 

3)0. 

(253) Do. 

Do. 



P. L. 

0-00 

10th Dcccm- 
brr3031. 

Do. 

3)0. 

(264) Mr. T. Dima- 
aubba Bo^ldf. 

BIa«gnni\jO 



P. L. 

70 00 

31 st L«'<‘briiarv 
3033. 

Do. 

Do. 

(256) Mr. Thoma. Tjllin 

Daryl •'R 



P.L, 

30-06 

7th De^nin- 
horlOSl. 

Do. 

Do. 

(250) Mr. Vuilrnta- 

oiibbayya. 

D^. 



p. r.. 

2S-11 

3rd Anfni 1 
1035. 

Do, 

Do. 

(2.)7) Mr. ilidni Vmi- 
katastil>bityya. 

Do 



1'. L. 

02-08 

I4lh Tftnuii- 
boi 1031. 

D.l. 

Do. 

(258) Mr. A. KH'.h- 
naitpu. 

Do, 



P. !*. 

30-21 

8th D«‘(*( in- 
\mm\ 

3)0. 

Kurnool 

(260) Mr. B, 1\ RHn'.a 
Bao. 

Im. 



P. L. 

..0 00 

Clb JainuiTV 
1031. 

Do 

Do. 

(200) Mr. D. I\ Wia 
Beddl. 

D*>. 



M.l,. 

10-00 

j 

Hth April 1031 

oo J 0.11 

Do. 

(261) Mr. H. V. 

Bao. 

Di. 



P. L. 

> 32 00 

I 

24th January 
j 1031. 

1 year. 

Do. 

(202) Mr. S, .Tayiirama 
Boddl. 

Do, 



P. L. 

02-28 

6fch Jamuu-y 
103!. 

Do. 

Do. 

(263) Do. 

Do. 



P.L. 

31-70 

86tb January 
1031. 

! Do. 

Do. 

(264) Do. 

Do, 



P. L. 

42-75 

7tb FelTiiaiy 
1931. 

Do. 

Do. 

(266) Mr. B. P. Sesha 
Beddi. 

Do. 



P. L, 

4-00 

28tli January 
1031. 

Do. 

Do. 

(266) Mr. B. P. Ean^ 
Itao. 

Do. 



P. L. 

51-00 

14th Miircb 
1031. 

Do. 

Do. 

(267) Do. 

Do. 



P.I.. 

77-77 

12th May 1031 

Du 

Do. 

(268) Do. 

Do. 



P. L. 

42-00 

28th January 
1031. 

1)0. 

Do. 

(269) Do. 

Do. 



P. 1.. 

138*80 

2nd Mart'h 
1031. 

D) 


P« L.^Pri»pe(iting Zkem, H. 'h»m^AIinin& hra\>. 
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Dtetntt. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Areamacros. 

Date of 
commence* 
mcnt. 

Torou 

Kuiuuul . 

(270) Mi, b P. Ranga 
Jiao. 

Barytes 

P.L. 


200 21 

29th Januaiy 
1031. 

1 year. 

Do. 

(271) Mr. B. P. Scblia 
Reddl 

Do. 

P.t. 


13-31 

13th Marcli 
1081. 

Da 

Do. 

(272) Do. 

Do. . . 

P.D. 


1-60 

38th June 
1031. 

Do, 

Do. . 

(27J) Do. 

Do. . . 

P.L. 


10-40 

Otb March 
1931. 

Do. 

Do. 

(274) Ehnn Sobib 

Abdul Hje. 

Du. 

P.L, 


2500 

Oth January 
1081. 

Du. 

Do. . 

(275) Do. 

Do. 

P.L, 


48-82 

Do. 

Do, 

Do, 

(27fa) Mr. b. P. Kanua 
Kao. 

Do. 

P.L. 


67-00 

18th May 

1031. 

Da 

Do. 

(277) Mr. S. Jayarama 
Reddi. 

Do, 

P.L. 


2-00 

12th August 
1031. 

Do. 

Du. 

(278)]J1r. G. Cbimu 
Aswoitbam Sctti. 

Do. 

P.L. 


4-80 

23rd April 
1081. 

Do. 

Du. 

(279) Ml. V. V. feub- 
bayya Fantolu. 

Do. 

P.L. 


13-29 

20tb June 

1081. 

Do. 

Do. 

(280) Mr. G. Singarayya 
01 otti. 

Du. 

P.L. 


2-00 

Slst July 

1981. 

Do. 

Do. 

(281) Mr. G. Ghmna 
Asnortbam Ohctti. 

Do. 

P.L. 

’ 

3-76 

8rd August 
1081. 

Do. 

Do. 

(283) Mr. B. P. Scshi 
Eoddi. 

Do. 

P.L. 


88-50 

25th June 

1031. 

Do, 

Do. 

(388) Mr. S. P. Banga 
Bao. 

Do. 

P.L. 

P.L. 


5*40 

<1-30 

ISth Hay 

1031. 

Do. 

1)0. 

Do. 

(2)4) Mr. S. Jajarama 
Beddi. 

Do. 


lottL s^ptom* 
ber 1931. 

Do. 

(285) K.M.D,B. Abdul 
NaM bahib. 

Do. 

P.L. 


10-02 

27th Peluuaiy 
1031. 

Da 

Du. 

! (1^5) Mr. G. Singarayya 
Chettl. 

Du. . « 

P.L. 


10-40 

ISth August 
1981. 

Da 

Do. 

Do. 

(2S7) H.M. D. Aahroff 
iruasaln £ban 

Mandoale. 

{28s) Hr. S. P. Banga 
Bao. 

Do. 

Do. 

P.L, 

P.L. 


86-70 

4-00 

18th Juno 

1981. 

10th June 

1981. 

Do. 

Do. 

Do. . 

{2S0) Mr. B. P. Sedia 
BeddL 

Do. . . 

P.L. 


8-95 

SOtb April 
1031. 

Da 

Du. 

(200) Hr. G. Ohtnna 
As>\artham Ghrtti. 

Do. 

P.L. 


5*50 

27tb June 

1031. 

Do. 

Du. 

(200 H. M. D. AshiDff 
Huasatn 

Hdadozle. 

Do. 

P.L. 


15-71 

I8t May 1031 

Do 

Do. 

(202) Do. 

Do. 

P.L. 


12-00 

18th June 
1931. 

Da 


F 
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[Voi..IiXVI, 


DiBiriot. 

Gwutee. 

Miueinl. 

Nature 

of 

{{rant. 

Area iu acres. 

Date of 
commence- 
ment. 

Term. 

Eurnool . 

(293) Mr. V. V. Sub- 
bayya Pantula. 

Baiytca 



P.X.. 


72-00 

23rd July 

1033. 

1 year. 

Do. 

<294) Mr. S. .Tayarama 
Reddl. 

Do. 



P. L. 


26-00 

12tli Auguat 
1981. 

1)0. 

Do. 

(296) Mr. V. V. Sub- 
bayya Pantola. 

Do. 



P. L. 


4-00 

80th November 
1080. 

Do. 

Do. 

(29fl) H.M. D. B. Abdul 
Nabl Sahtb. 

Do. 



l*.L. 


45-20 

22nd April 
1031. 

Do. 

Do. 

(297 Mr. V. V. Sub- 
bayyaPantulu. 

Do. 



P.l. 


30-00 

23rd July 

1931. 

Do. 

Do. 

(298) Mr. G. Ohlima 
Aswaiiham Ohettl. 

Do. 



P.L. 


69-00 

4th August 
1931. 

Do. 

Do. . 

(209)H.M.D B. Abdul 
:7abiSablb. 

Do. 



P.L. 


47-72 

22nd Apiil 
1031. 

Do. 

Do. 

(800) Shau Sablb K. A. 
Hye Sahib. 

Do. 



P.l. 


32-06 

28rd July 

1931. 

Do. 

Do. 

(301) Do. 

Bo. 



P.D 


01-00 

36th October 
1981. 

Do. 

Do. 

(802) Mr. B. P. Scaba 
Beddl. 

Do. 



P.U 


7-60 

20th June 

1931. 

Do, 

Do, 

(008) H. M. D. 
Aditoflr ITu^aain 

Khan Mandozfe. 

Do. 

« 


P.L. 


21-30 

4tb May 1981. 

Do. 

Do. . 

(804) Mr. 0. Ohtona 
Aavartham Ohettl. 

Do. 



P.L. 


20-00 

26th June 

3031. 

Do. 

Do. 

(805) Mr. S, P. Bao^a 
Kao. 

Do. 

9 


P.L. 


12-40 

20Ui October 
1981. 

Do. 

Do. 

(806) EbanSahtbE.A. 
Hya Sahib and 0. 
Muiavalan. 

load 01 e 


• 

P.L. 


16*08 

20th August 
1981. 

1 { 

Do. 

Do* . 

(807) Mr. B. P. Seslia 
B«ddi. 

Barytes 


• 

P.L. 


2-81 


Do. 

Do. 

(808) Do. 

Do. 


m 

P.L. 


4-69 


Do. 

Do. 

(809) Mr. 0. Cliinna 
Aflwortham Ohettl. 

Do. 



P.L, 


33-60 

BiH 

Do. 

Do. 

(810) Mr. S. P. Jlanea 
Eno. 

Do. 



P.L. 


30-98 

20th June 
1981. 

Do. 

Do, 

m) H. M. D.Ashrofl 
Eiwain Khan 

Mandoxio. 

Do. 



P.L. 


28-07 

lal July 1931. 

Do. 

Do. 

(812) H.M,D.D. Abdul 
Nab Sahib. 

Do, 



P.L. 


20-40 

21st Septem- 
ber 1083. 

Do. 

Do. 

(813) Mr. B. P. Sesba 
Eeddt. 

Do. 



P.L. 


3-47 

17th Novem- 
ber 1981. 

Do. 

Do. 

0. Sihf^arayj'a 

Ohettl. 

Do. 


* I 

1 

P.L. 


1-90 

7th Doceiuber 
3081. 

Do. 


P. l.^Pm$ptiHno Ue$m. K. lu-JUsht leute. 
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District. 

Orantoo. 

Mineral. 

Kature 

of 

grant. 

Area in acres. 

Bate of 
commence- 
nient. 

Term. 

Kvirnool 

(315) Mr. G. Singarayya 
Ohettl. 

£ai>rti> 

P. L. 


1-20 

7tli December 
1981. 

1 year. 

i\\ 

(316) Mr. S. P. Ranji-a 
Bao. 


P. L. 

• 

80-70 

6th Norember 
1931. 

Do. 

Do. 

(317) H.-\r.D. D Abdol 
Nabi 8.\hib. 

Baryte-, 

P. L. 


17-41 

14th October 
1981. 

Do. 

Do. 

(318) Mr. B. P. 

Eeddi. 

Do. 

P. L. 


24-00 

17tb Krovem- 
bei 1931. 

Do. 

Do. 

(319) ilr. S. 1*. Jlauua 
Eao. 

Do. 

P. L. 

• 

19-60 

9th Decembei 
1931. 

Do. 

Do. 

(320) Mr. B. P. bcslia 
BpdcU. 

Do. 

P. I. 

• 

30-00 

22nd December 
1931. 

Do. 

Do. 

(321) Do. 

Do. 

P.L. 


22-UO 

22nd October 
1931. 

Do. 

iK). 

(822) Do, 

Du. 

P.L. 

• 

25-60 

10th Decem- 
ber 1981. 

Do. 

Do. 

1323) ^Ir. M. Itajauopala 
Kayadn. 

Do. 

P.l. 


6-00 

10th Kovem- 
bar 1981. 

Do. 

Do. 

(,?2I) Str. B. P. Sp-Iw 
R pddl. 

Do. 

P.L. 


0-60 

16th Deoem- 
bei 1981. 

Do. 

Dw. 

025) Mr. s P Danza 
j B 0). ' 

Do. 

1 

P. L. 


S-00 

28tb Novem- 
ber 1931. 

Do. 

Do. 

026) Do. 

i Do. . . 

i 

P. L 

• 

7(K) 

Do. 

Do. 

])o. 

(327) Do. 

Do. 

P. L, 

• 

23-00 

15th Decem- 
ber 1081. 

Do. 

Xelloie 

»32S) -^Er. P. YenUta- 
naiapa Borldi. 

ilDea . 

M.L.. 


7'56 

11th October 
1930. 

1 30 years. 

Do. 

(329) Mr. P. V. bubba 
Nayudu. 

Do. . 

M.X. 

• 

7-B6 

2Ut January 
1981. 

Up to 6tb 
Decem- 
berl067. 

Do. 

(830) Mr.P. Vi«ul.ayja 

Do. . 

P.L. 

• 

18-14 

22&d June 
1931. 

1 year. 

Do. 

(831) Mr, P. Y. buhba 
Beddl. 

Do. . 

M.L. 

• 

83-10 

26th Septom- 
borl980. 

30 years. 

Do, 

(332) Mr. < 1 . Chcncbu 
Subba Reddl. 

Do. . 

P.L, 

• 

1-99 

2nd May 1981 

1 year. 

J)o. 

(383) Mr. P. V. Subba 
Beddi. 

Do. . 

M.L. 

• 

2-02 

28rd October 
1931. 

Up to Slat 
May 

1958. 

Do. . 1 

(334) Mr.T. C. Danda- ' 
jutham. j 

Do. , 

P.L. 

• 

14-69 

26tb Septem- 
ber 1981. 

lyear. 

Do. 

(835) Mr. £. Guiasiur< 
thi Sa9ln. 

Do. . 

P. U 

• 

01-76 

20th May 1981 

Do. 

J>0. 

K. Baltttami 

■B«ddl. 

Do. . 

i 

1 

P.L. 

• 

41-53 

Slat Mhrch 
1981. 

Do. 


P. Jt,~Proi^inff Lieetm, M, leate. 


v2 
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District. 

Grantee. 

Mineral. 

Mature 

of 

grant. 

Area In acres. 

Date of 
commence- 
ment. 

Term. 

Nellorc 

(337) Mr. M. Vcukata- 
JCrishnayya. 

Mlva ... 

M. 1. 

72-18 

17th Septem- 
ber 1031. 

30 je.Uh. 

Do. 

j 

(338) Mr. E.Baiiiranil 
Koddi. 

Do. . . . 

M.L. 

n-40 

27tli June 
1031. 

1)0. 

Do. 

(330) Mr. 1\ Yuukuyya 

Do. . 

1». L. 

'<2-10 

Jlth Jinir 

1031. 1 

1 year. 

Do. 

(340) Do. 

Do. . 

P. L. 

08-Dl) 

i 

271 h Ai\kUjI 
1031. 

Do. 

Do. 

(34J) Mr. D. Dharma 
^{ayudu. 

I>0. . 

i\ D. 

7-10 

i3tli St'pleiu- 
iHit 1031. 

Do. 

Nortli Arcot 

(343) Mr. T. Athimoola 
Mudaliyar. 

Do. . 

P. L. 

0-50 

1st March 

1031. j 

Do. 

Saloui 

(343) Mr. M. Bdiuond 
G)m<lart. 


P. L. 

702-23 

(itli November 
1031. 

1)0. 


NORTH-WE8T FRONTIER PROVINCE. 


Bannu 

(344) Moasm. The Indo- 
Burma Petroleum Co., 
Ltd. 

Natural i>etroIeum 
(iitoluUiiig natural 
gab). 

1 P. L. 
(rouowttl) 

8,723-2 

3r(l Kobrimrj 
1031. 

1 year. 

Do. 

(315) Do. 

Do. 

P. L. 

(zeucuui). 

3,«4l)-U 

Itli AiiL'U.1 
1031. 

Do. 

Do. 

(84ft) MejbW. The 

Burmeh Oil ('*o., Ltd. 

: Do. 

P. L. 

(runrwal). 

13,248-0 

2iul S<‘ptomlH?r 
1031. 

Do. 

Dera Ismail 
Khan. 

i (347) Mojar-t. The Irolo- 
Burma Petroleum Ck>., 
Ltd. 

Mineral Od . 

P. h, 
(renewal). 

2,005-2 

10th Heptciu- 
her 1031. 

Do. 

Do. 

(348) Do. 

Natural indroleuin 
(ineludlugnatutai 
gas). 

V, L. 
(nmovrul). 

1,321-ti 

i 

loth March 
1031. 

Do. 

Do. 

(349) Messra. 'tlie 

Attoefc OUO0.,Ltd. 

Mineral Oil . 

P. L. 
(renewal). 

150-0 

26tlj Novem- 
ber 1931. 

Do. 


y. Ik-ftnipMKiijr JHwiw. K. I.- jUttfnir £<(ur. 
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District. 

Grantee. 

Mineral. 

Katnie 

of 

giant. 

Area in acres* 

1 Dateof 
oommence- 
mentb 

Term. 

MlanwAli . 

(850) Mr. Lala Doulat 
Earn. 

Coal . . . 

P.L. 

65-0 

9thMayl981. 

1 veor. 

Do. 

(351) Mr. Laid Oliooni 
Lai Kapur. 

Do. . 

P. L. 

183-0 

11th Novem- 
ber 1931. 

1 

Do. 


1*. M. lu—'Mhiinti Jrf’trsi. 


SUMMARY. 


Province. 

Prospecting 

License* 

Mining 

Lease. 

Quarry 

Lease. 

Total of each 
Provinee. 

Ajmer-Merwara 

13 

1 

- 

14 

Awflftm • ■ • « • • • 

1« 

2 

•• 

18 

Balnchlstan 

(a) 2 

•• 

•* 

2 

Bengal. • 

1 

[ 

•• 

•• 

1 

1 

Bihar and Orissa ....... 

6 

13 


19 

Bombay 

3 


•• 

8 

Burma 

103 

17 

•• 

120 

Central Provinces 

28 

23 

16 

67 

Madias ........ 

91 

8 

*a 

99 

N^W. F. Provlnoe •«...• 

« 

•• 

- 

6 

Ponfab 

2 

- 

•• 

2 

Total of each kind and grand total . 

271 

64 

16 

S61 

Tdtalf(ffl980 

834 

64 

16 

414 


<«) IiudodMone Kxplortag Iteease. 
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Classification of Licenses and Leases. 


TabIiK iS.- Piospecting Licen^eh and Mining Leate gxinted in Ajmcx 
M&noara during the yeai 1931. 


Distbtot. 

1931. 

Ko. 

Aiea in 
acres. 

MineiaL 

Ajmei 

Do, 

Do 

Do 

Beawai .... 

Do. .... 

Do. .... 

Do 

Do 

Total 

PjElOSPECTINf 

1 

4 

1 

1 

1 

2 

1 

1 

1 

1 Licmsh^, 

3- 0 

12-0 

4- 2 

4-5 

3-6 

17- 5 

18- 9 

3-() 

11-7 

Kyanite. 

Mica. 

Kaolin. 

Kaolin, mica, felspar, 
greenstone, miisoo\ ite 

01 mica powdex. crarnet 
and beryl oio. 

Soapstone. 

Asbestos. 

Ochie and soapstone. 
Asbestos and Boax>stonr. 
Graphite. 

13 

•• 

Ajmer 

UtxmxQ Leas 

1 

»3C. 

Koayl OIO and piecious 
stone. 

Table i7.— Prospecting lAeenses and Mining Leases gianted in A^sam 

dwing the yeai 1931. 

DlflTBlOT. 

1931. 

No. 

Area in 
aores. 

Mineral 

1 

Cadiar .... 

Laldbimpur .... 

Do* .... 

Sibaagar .... 

Slyllieft « . • • 

Toa^AL 

’!BOSP3BOTmO 1 

5 

6 

1 

1 

4 

.(tOBHSES. 

13,708-8 

21,337-6 

1,160-4 

60-0 

24,78.7-2 

Mineral oil 

Do. 

Coal. 

Do. 

Mineral oil 

16 
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Tablb 47. — Prospecfm/ Licmses and Miniug Leases granted in Assam 
dming the yeai 1931- oontd. 


Distbigt. 

1931. 

No. 

Area in 
acres. 

Mineial. 

Eiiasi and Jaintia Hills 
LajLliimpizr .... 

Total 

Monisro Le 

1 

1 

ASSS. 

2,348-8 

2,660-0 

Mineral oil. 

Coal. 

2 

-• 

Table 48,~ PiO^itecling and Ejtplon^ry Licensef^ giayted m Balmhisten 
dunvg the yea) 1931, 

Distbigt. 

1931. 

No. 

Area in 
aoies. 

Mineral. 


Pbosi^eotifo Licsese. 

QaettaPishin ... 1 1 I 3,200*0 1 Coal. 


ExFLOBXsra lAomsn, 


Sibi 

1 

491,620*0 

Natmal petroleun. 

Table 49. — Piosfectmg Interne granted «« Behgal dwmg the yeat 

1931. 


2931. 

Distbigt. 

No. 

Area in 
acres. 


Chittagong .... 

1 

1 

! 

4,000-0 

NatoBBl petxoleniii. 
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Table 60.- ProspccHug License^ and Mwing Leaus gwnial m Bihn 
and Onssa during the yea) W3L 


Bistbiox. 

io:u. 

No. 

Area in 
acre?. 

Mineral. 

V 

Ansful 

Hi7<iiibii;h ...» 

P lUmau .... 
Siiif>)ihhiim .... 
Do 

Total 

^losproTiNo L 

1 

1 

1 

2 

1 

lOBNSER. 

037*8 

31*2 

27*1 

1,936*3 

548*0 

Oobro. 

Sillimanito and kyanit‘>. 
(Iraphito. 

Chromite. 

All mincials oxoopLiion- 
01 e, mica and pietdom 
st Olios. 

6 

•• 

(fAKiribngbi .... 
Sautal Parftana*? . 

Kiii«;bblmm .... 

Totat- 

Mmsra Le 

1 

\bES. 

14*1 

36*9 

75*2 

(jiaruet. 

(joal. 

Iron-oro and man^anw. 

12 

•• 

'f'ATthR HI. -ProApPt'ting Licenses granted m the Bmnbay Ptemleney 
during the year 1931. 

Distkot. 

1931. 

No. 

Area in 
aores. 

Mineral. 

] 

Kanara • • * • 

Do. « • • * 

KatnagM .... 

Total 

PBOSFSOT137Q 

1 

1 

1 

LtOBNSBS. 

223*0 

38*8 

1,280-0 

Manganese ore. 

Asbestos and talc. 
Chromite. 

3 

•• 
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Part 3.] Heron : Mmerd Prodiustion, 1931. 

Tabus 52. — Piospeciiiig Ucenses aud Mining Jnai>cs gianted in Burma 

dwing the year 1931. 



"SSismQ Leasss. 


Mergui . • • • I 230*4 Tin. 

Ito. .... 1 972*8 Tin and allied minexals. 

Northern Shan States . . 3 122*8 Iron ore. 

Pakokku .... 6 6,790*4 Natural petroleum (in- 

cluding natural gas). 

Tavoy .... 1 1*0 Tin. 

JDo. .... 1 416*0 Tin and wolfram. 

Bo. .... 2 371*2 AU minerals except oil 

and precious stones. 

Bo. .... 2 1,849*6 All minerals except oiL 


Totax* 


17 


I 
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Table ^>3.— Frospediny Litensin, Mining ami Qvaug Leu&ii- guinlal in 
the Central Ftorincei dining the yeai 1931. 



Balaghat 

Bilaspiir 

Do. 

Chanda 

Ohhindwaia 

Do. 

Jnbbulpore 


Do. 

Do. 

Nagpur 

Raipur 


PitosFBOTiKa Ijcbvsbs. 

2 61 

1 05 

2 97 

1 3,840 

2 289 


Manganese. 

Limestone and dolomite. 

Limestone. 

Coal. 

Manganese. 

Goal. 

Platinum, silver, gold and 
vanadium. 

Bauxite, ohiomium, cop- 
per, gold, silver, 
iri^um, osmium, etc. 

Yellow and red ochre. 

Bauxite, gold, nickel, 
manganese platinum, 
silver and copper. 

Limestone. 

White clay, 

Qalena. 

Vlagstono. 



Bilaspur 

Jubbulpore 

Do. 

Do. 

N^ur 

Raipur 


Q (TABBY LbASBS, 

3 

1 

1 


limestone. 

Olay. 

Lateriio, 

limestone. 

Olay, 

Limestone. 

Flagstone. 


ToTAn 


16 
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Table 5L- Piospeitiny LbvcPbc^ and Mihiny Latsf'h yxtnfcd in the 
Madras Piestdcnaj dinmq the yeai 1931. 



1031. 

Distbiot. 

No. 

Area in 
acres. 

Mmeial. 


PaospEOTiKG Liounses. 


Anantaimr . 



2 

72*35 

Baiytes, 

Caddap^ . 



9 

476-69 

Do. 

Do. 



2 

311-20 

Do. 

Knmool 




6b 

1,773-99 

Do. 

Do. 



1 

16-93 

liCad ore. 

Do. 



1 

30-70 

Asbestos. 

Nellore 



8 

256-36 

Mioa. 

North Aicot 



1 

9-30 

Do. 

Silem . 



1 

702-23 

Magnesite. 


Total 

91 

•• 



AlI2^:^G LiLibEft^ 


Anantapnr .... 

1 I 

131-60 

Barytes. 

Knmool .... 

1 1 

10-00 

Do. 

Nellore .... 

b 1 

. . . . .1 

131*41 

Mica. 

Total 

8 

: 

1 



Table 5f>.—Ptospcciieg Lirrnses giaated in the Noith-^est P^otdia 
Province (h^nng the year 1931. 


1931. 


DiSTTtlOT. 

No. 

Area in 
acres. 

Mineral. 

Baaiiu .... 

3 

26,011-2 

Natural peiroletixa (in< 
olading natural gaa). 

Doi a Ismail Khan 

3 

4,466-8 

Do. 

Total 

0 

•• 1 
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Tabi,b 06 —Picsjjechng license', giavted in the Punjab dviiiw the yem 

19 il 





1931. 

i 

Bistriot 



No. 

Area in 
acres 

Mineral 

Mianwah 

• 

•| 

2 

188-0 

Coal. 
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Microscopic Study of some Indian Coals. By 
A. K. Banerji, B.A. (Cal.), A.R.CS., F.G.S., Assistant 
Stiperinte}idmt, Geological Survey of India. (With 
Plates I! to 14). 


INTRODUCTION. 

Microscopical esauiinution of coal has now been for some years 
an established branch of study both in Europe and America and it 
is being very slowly recognised as an useful adjunct to the study 
of a coal seam. The work of IDss M. M. Evans^ in England and 
of Dr. R. Thiessen^ and his co-workers in America indicates that 
this method of study, when fully developed, is likely to offer a new 
means of correlating coal seams. There can, therefore, be little 
doubt as to its importance ; the results so far obtained, however, 
are more of pal?BO-botanical than of economic interest. The mate- 
rials that go to the making of a coal seam are all derived from the 
plant world and this method of stud}" furnishes us with a means 
of identifying the different plant niafcerials present in coal and of 
stating which element is predominant. Tt is now generally accepted 
that the nature of a coal is more or less related to the different 
plant elements that contributed to its formation and it may be 
possible to correlate the properties of a coal to definite plant rle- 
ments pi^esent in it. The present conception as to the origin of two 
out of the throe visible constituents of coal, namely, vitrain and 
fiisain, arc l)ased on this method of study and it jnay load to the 
elucidation of the conditions umler which a particular coal scam 
was fojmod. The motallurgical microscope has also been put in 
commission in the study of coals and it offers a ready moans of 
detecting the presence of finely disseminated p\Tites in a sample, 
as well as of obtaining a fair idea of the amount of inorganic material 
that is not in a state of colloidal suspension. 


^ * Coxrelatiou of the Parkgatc Seam : A Prdizohiasy Study % Trama. /tuI. Min. 
71, p. 451, (1926). 

* Thieasen, R. and Stand, J, N., * Correlation of coal beds in the Monongahdla For* 
mafcion in Ohio, Pennsylvania and W. Virginia Caruegia Inst. Tech., Bull, 9, (1923) ; 

Thiessen, R. and Wilson, P. E., ‘ Correlatinn of coal beds in the Alleghany Formation 
of Western Pennsylvania and E. Ohio < 51 . cU. BuB. 10, (1924). 
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Previous work. 


The aim of publishing this rather preliminary study of a few 
specimeiis is to direct attention to the possibility of throwing some 
light by this method of study on the problems connected with Indian 
Qondwana coals. 4. special feiture of tliose ooal« is the persistent 
high ash content — the average being 11 to 12 per cont.^ — as com- 
pared Avith coals from Ruropean countries. This has never boon 
satisfactorily explained and is piobably, in some cases, duo to the 
allochthonous origin of the coa]'^. Much valuable iiilormation may 
be obtained by stinlynig whether the inorganu*. materials in the 
coals occur as soiliminls ov in colloi'bl suspeusioa. 

Verv little work on these Jine^ has been done on Indian coals; 
the only Avork known to the author ib that published by Mr. G. S. 

Caldwell.® In his ])appr, Mr. Caldwell appends 
a note by Mr. J. Lomax on the microscopical 
examination of ball coal from the bottom seam in Victoria colliery, 
Raniganj coalfield ; the seam belongs to the Barakar series. As 
in the case of the two .samples of Coudwana coal described in this 
paper, Mr. Lomax’s examination showed a complete al>sence of 
megaspores in the coal. Microscopical investigations of coal of 
Gondwana age haA’^e also been published bv Honor Domingos Kloury 
da Rocha® and by Dr. Divid In tlio monograph l>y the 

former authoi , coils from the Uniinga am of Hanta Catharina of 
Gondwaua age arc described and the presence of megaspores has 
been noted in the specimens exambied. Dr David l^ite records 
the occurrence of RemscliPt (page 103 U beq.) m Biazilian coal and is 
of opinion that it is widely distributed there. 

The author, while on leave in Germany during 1929, was able, 
through the courtesy of Dr. P. ECrusch, ' President of the Prussian 
Geological Survey, to take up the study of some 
Indian coals. Samples had to be procured in a 
liiiiry by post, which accounts for the limited number of specimens 
studied. The investigation was carried out in the ' Institut fiir 
Paljeobotauik iind Potrographie dor Brennstoino ’ of the Prussian 
Geological Survey in Berlin and the author is especially indebted to 


Place of study. 


^ The average from 64 analyses published in Prof. Dtinstan’s paper on oompositiou 
of Indian Coals in Sec. Oedt. Sum, XXXTIT, p. 241, (1008) comes to n*68 par cent. 

, * ‘ ?2)i2S3 Indian Mining or expenenoes at an Indian OoUierv % Trma, Ins^, Min, 
Ma„ LXXrV, 5. 60, (1927). 

• Monographia N. v. Servioo Geologioo et Mineralogico do Brasil, (1027). 

* Kelatodo Pinal Commwsas de Kst. das Mince de Carvaa de Pedra do Brasil, Pfe. 
in*— Possil Plants, p. 3S8. 
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Ptofebbor W. Gothaiij under whose guidance the work A\ab carried 
out, and to Dr. Hans Bode, for introducing him to the technique 


of coal petrography. 
Method of study. 


The microseoi>ical study ot (*oa] ialls under 
the following three heads 


1. Examination of thin sections by transmitted light. 

2. Examination of polished sections by refle(*ted liglit using a 

metallographic microbCop'\ 

3. Examination of maceration j>i*o(Uurs. 


The usual method of making rock sections has to be modified 
in the case of eoal, as a greater thinness !<< reciuired in most cases. 

Sections were prei>arccl by the methods des- 
^e^araiion of thin eribed by T)r. E. Potonie^ and that used by 
ilr. J. Lomax.* 1 method devised by Mr. 
0. V. Hsieh, who had been working in the bame laboratory on Chinese 
coals, of accomplishing the final thinning by means of lubbing with 
a piece of cork and dry I'OO-minute flour emerj% gave good results. 

The polished sections wore prepared according to the method 
used bv Prof. Schneiderhbhn® for examination of ore minerals. The 
polishing was done on a small horizontal re- 
Preparation of polish* vohung disc driven l)y ii moloi* and covered 
with bilhard-talde cloth : the polishing media 
used was ‘ Tonerde ’ or aluminium oxide ot two grades. Nos. 1 and 
2. thinlv suspended in water. In the case of fusain. very good 
residts are obtained by })revious ‘ cooking ' in a solution of ‘ glass 
hard ’ Canada l>albam in benzol, over a water-bath, till the babam 
solution becomes pasty ; this is followed by drying of the sample 
a little below’’ JOO°C. This treatment also gi\es less trouble with 
brittle coal in the preparation of botn thin and polished sections. 

Preparation of maceration products is a pal^eo-botanical method 

of study applied to coal. The principle of the method is to dissoh'c 

„ ^ ^ . out the more easily soluble constituents of 

Maceratlen of coaL . , . , x ‘ -i- • 

coal by treatment with a strong oxidising 

agent ; in the process, the more resistant parts of the plant debris 


^ ‘ Ernfahrung in die allgemeine Kohknpetrographie ** p* 110. 

*‘The Preparation and Examination of CJoal Spctioxia', Jwr. JRoy. Micro, Sor.^ 
Sept. 1927, p. m 

**AxiIeitung zor inikroskopisohea Bestimmnng tmd Untersnohung von Erzen im 
anffallenden Lioht% pp. 52 et (1922). 



:^36 


Records of the Geological Survey of hidia. [ VoL* LXVI, 


are bleached, and can t]ien be separaied and ij^tndied. The difioi- 
cnt processes will be foiind dof-cribed by J)r. Krirh Slnch.^ In the 
present investijrution njixlurc ^^as used. 

Unfortunaiel}, there li a cevrain lack of xiniiounily e^nd honic 
confusion as re^auU terin biology in coal roseaich. In llio inei-eni 
j)til)cr. Dr. [J. Dodo's^ inodilication of Dr. l\b 
ennnoogy. iStopes’^ classification of t]»e constitneiitfc* ol 
coal has been followed, clarain being considered an intimate and 
Hue, lit-jkiiAit mixture of vitrain and durain. In the s]}ecimenfc 
evmnined there is no coubtitueut that may not be designated either 
vitrain, durain or fu'iain and jnust be given anoduT inmie, viu, 
clarain. Dr. Feimor also failed to identify claiain in Ilokaio coals/ 

The chief inicioscopic charactcib by which ttic tl»rcc constituents, 
vitrain, durain and fusain, have been judged may be briefly stated 
hero. 

Vitrain has a liojuogeneonb ap])carance under the jnierosoope 
and may or may not show’ vegetable structure ; it nev<‘r 
has an}'- inclusion of visible detrital mineral maltiu* nor 
of sporob, ])ollon ♦*rains, cxiticles or other vegetable debiit 
cxiiopt perhaps ri‘tiu bodies. 

Durain, under the microscojie, shows a ground-mass of humic 
substanct' exhibiting no pimetuTO and in it are found em- 
l)eddcd the more resistant elements of vegetabl<‘ dclois 
in small fragimmts, vk,, siiores, exines, cuticles, iiolleii 
grains, pai’ticlos of rosin bodies and detrital mineral mattiu*. 

Fusain can never be made transparent and has a porous or 
cellular structure ; it has been observed to be impri‘gnatc<l 
witli crystalline mineral matter in jiatches, l>ut ranHy with 
the luimic substance which foims the ground-mabs of 
durain. Detrital mineral matter is entirely absent. 

It is necessary to emphasise that the abovo-nieiitioncd tlnec 
constituents of coal refer only to bituminous coals. This diffenm- 
tiation into the three constituents named does not apply to the 
cases of anthracite and brown coal. 

^ * Kohlenpetiographlscbee Praktikum pp. 16-23. 

* * Zur Nomenklaiur m der Kohlenpetrographie. Kohle n Erz IS, pp. 699-710, 
(1928) ; 24, pp. 929-930, (1928). 

* * On tlsifi foiir visible in;u^<^at8 In banded bituminous coal Proe. Boy, J3oc», Ser. 
B, Vol. XC, p. 470 ft., (1919). 

« Bee. Ged. Burv. Ind., LX, p. 337, (1928). 
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The material exaailu<‘d comes from the follo^ving localities : — 

Specimen Xo. 7.— Gondwani real, Ranii^anj series (Upper Per- 
mian). Fiom Bhariingia, Jharia coalfield, Bihar and 
Oriv^.sa, 

Specimen No* 2. — llondwana coal, Karharbari stage (Lower 
Permian). Prom Oiridih, Bihar and Orissa. 

Specimen No. 3. — Lower to Alidclle Eocene coal. From Mach, 
Balachistan. 

Specimen No. 4. — OL‘oo<‘epe to Upper Eocene coal. Prom Kale- 
wa (Chindwin), Burma. 

SPECIMEN NO. I. 

This is a banded ooal, the vitrain bands ranging up to 7 mm. 

The coal is very brittle, easily splitting along the vitrain layers ; the 

„ , . vitriin exhibits its characteristic feature, break- 

Macroscopic character. ... i vi m i ^ ^ 

mci into cube-like segments. Two cleats at 

right angles to each other well developed. 

The vitrain is madder-brown in colour showing no vegetable 

^ strait lire. Detrital mineral matter is entirely 
Vertical thin section. , ^ 

absent. 

The diirain con-ists of a rather dait brown, humic ground-mass, 
which is dilQcnlt to render liauspi»rent. In the ground-mass are 
embedded numeroii=i fra^meuta of cuticles and microspores. There 
also occur som^ iouc,hIy lonticuhtr imtcbes of a bright reddish brown 
colour (Plate 11, Pig. lb which in vertical sections have the appear- 
ance of being made up of an aggregate of miorospores. There is 
no indication of a capsule and they have been presumed to be clus- 
ters of miorosnores representing sporangia, the walls of the sporangia 
having been cle-^troyed. Those bodies are flattened along the bed- 
ding plane. No megaspores have been observed but a fair amount 
of detrital mineral matter is present, the grains being extremely 
angular. They show up very well when the nicols are crossed. 
The durain is also traversed by numerous, short, thin bands of vit- 
rain. Lenses of fusain are common 

The vitrain can be ma<le transparent more easily in a horizontal 
section; no veiretable structure can be made out. In the durain, 

„ , , , ^ it is difficult to make out the vegetable debris 

Horizontal thin section, . , , -±±1^ j 

as it seems to merge into the ground-mass, 

but the included mineral matter can be easily recognised under 

crossed nicols. The fupain does not present any peculiar feature. 
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Tho vitrain band^*. one of wlilelx is 5 mm, 
tion!^**^** polishe sec- thickness, do not show any jfnictnn*, 

Ch'i diiraitt (Pinto 11, fig. 2), seen to l>e made np mostly ol 
finely broken up traoinents of cutiole, micio-ii/ores l)eing difiiciilt 
to cleieot as the truce of the central cavity do^»s not show up veil. 
The thin section, howftvei% has s1io\to that micros] )ores me ]»resent. 
As in thin s»‘ction, megaspores are entirely abseni. Fraaments ol 
fiisain are frequent and there is a fair amount of detrilul mineral 
matter. 

In vertical section th^' fiusain does not show any well-preserA'ed 
internal wood structure. 

The polished specimen examined was previously cooked in Canada 
balsam ami this previous treatment biings out the wood fllructurc 
in fusain more clearly. ]n the laboratory of 
P®^***®<* the Prussian Tleological Suivey, a solution of 
‘glass hard’ Canada balsam in benzol is need. 
The cooking was done in a porcelain disli ; the disli witli the coal in 
the solution was first put under the air pmnp (a filter ])ump may 
be us(*«1) to remove all the air from the pores in the coal. The dish 
was then heated on a water bath till all the ])(‘n/ol had been driven 
out and a soft pasty residue of eanada balsam remained behind. 
The piece of coal was then taken out and dried over a waier bath 
on a glass plate till the balsam was quite hard. 

For the most part, the fusain bands show ‘ l)Ogen ’ simeturc 
(Plate 11, fig. 3) the ccEs being all crushed, but here and there 
portions have asoai>ed orushing. One portion shows a beautifully 
preserved transverse section of wood in places impregnated with 
iron pyrites (Plato II, fig. 1). The stmctiirc is illustrated with a 
higher magnification in Plato 11, fig. 5. Mostly, one does not 
observe a nr interoellnlar spaces, but the presence of wood rays is 
clearly indicated. Another portion of the fusain gives a tanpeniiul 
section showing the wood rays better (Plate 11, fiig. 6), The ktter 
are seen to b-^ uniseriatc and to consist of two to three rays in height. 
Here, the twgeniial section of the bordered pits is boautifnlly pro- 
servod : some ]>arts show tho poro cut centrally and other parts, 
not eat centrally, do not show it, Tho structure is perhaps clearer 
than in m^nv preparations of recent pLints on account of the con- 
trast ; only the middle lamella is not visible. Another section, also 
tangential, (Plate 12, fig. 1), exhibits a peculiar tluokening of the 
h<>rbiaafesd walls of the traoheids. 
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There is no structure in the vitrain in the hoiizontal section and 
no detrilal mineral jnaiter has been observed* in the durain, the 
cuticukr debris appears as small, black, flat pieces (Plate 12, fig. 2). 

bong treatment with Schalae’s reagent, extending over two weeks 
was neoesbary to yield satisfactory productb. The treatment yield etl 
numcious fiagments of woody elcnncnts. These 
examination of mace- ghow tracheids witli bordered pitting (Plate 12, 
latioa product pitti^ is sometimes unise- 

riaio and sometimes pliaisoriate. Both contiguous and distant pits 
ha\'e been observed ond they are mostly elLptical with elliptical 
pores. In one instance, a fragment shows a radial section of a 
medullary ray ; on the walls of the ray occur single pits, one in each field. 

The single pits on the fields of the medullan rays aie a striking 
teatiirc ; a more striking feature still is that, in these fragments oi 
wood, the pitting is not wholly contiguous but that there also occur 
spots with more or less distant uniseriate pits. This manner cf 
pitting, so far as is Icnown to the author, has not been noticed in 
Indian fossil woods of Lower Gondwana age* Sir, Walton^ has 
described and emphasised the separation of bordered pits in Dadoxy- 
ht^ arheri. Sew. from the Lower Beaufort series of South Africa 
and ilio ‘=*atne oharacteristic has also been found by Prof. Sahni^ in 
iubcn, Sew. fiom the Newcastle series oi New South 
Wales. Ill (b'scribing the species Dadoi'ylon bulctn from the Pcimo- 
Carboniiecous of the Falkland Islands, Prof , Seward and Mr* Walton® 
state that the l^ordend ])iis on the tracheids succeeding the larger 
spring-elements are often uniseriate and distant. It appears there- 
fore, that the separation of pits in Gondwana woods had already 
begun in Lower Gondwana time and is of interest for the whole 
story of the development of pitting in gymnospeimous woods* 
This is not the appropriate place for discussing a purely botanical 
question l)ut refeience may be made to the paper of Prof, Gothan 
'Uber dio Wandlungen der Hoftupfelung bei den Gymnospermen 
in Laufe der geologischen Epochen und ihre physiologische Bedeu* 
tung.’^ 


^ Walton* John, * On soxne South African Ft^sil Woods *, Am* B, AJr* Vbl. 
XXI, p, 23, {1925}* , r. ^ - o 

. -i ■^T.aN.Singh,'Chiaomcspeoiin6Mof i5ado«y*«ar6ar»,Sew., Jouftt. 


Tni, Bot* 8oG,t VoL V, p. 107, (192S)* ^ ^ a. -a m ^ 

* Seward, A. C. sad J. Walton, ‘ On a oolleofcion of fosril pUmta from the Falkland 

T?dattds % Quart, Joitm. OiaL 8oe,f Vbl. LXXIX, p. 826, (I^)« *> 

* * Stteungsheribbta dear GkMellsohaft iiaturioieohendaf Fceonde an Banin , No* 2* 
(February, 1907). 

a2 
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Besides I3ie woody fragments, there occur m the jnaceiated 
product numerous bodies like niicio3i)oics ; they art* found attathod 
to each other in groups of twos or more, but solitary individuals 
ate also seen and they possess loiiuded outlines. No jmaikings 
on the surface of tliose can be definitely established. J have taken 


the bodies to be miciospores. 

The examination of the coal has not biought toilh an) o\idont‘o 
indicating an allochthonous origin for the coal, rioiioimtcd bands 


Origin of the coat 


of vitrain Alteiiiating with diuaui and the 
preponderance of woody elemcntB in the mace- 


rated product indicate that w'oody stems coutiibuted largely to the 
formation of the coal. The du rain shows that considerable vegetable 


debris, derived from the disintegration of cuticles, is present, together 
with spore-like bodies which have a habit of occurring in clusteis. 
There seems to have been no agency at work sorting out the various 
products of vegetable growth. This seems to favour the hypothesis 
pf an autochthonous origin for the coal. The amount of detiital 
mineral matter, however, is mote or less liigh. This would indicate 


movement of water bringing in s^ediment, possibly periodic over- 
flooding of the area while the deposit was being forjned. 


SPBCIMBN NO. a. 


This fs matte coal with very thin bands of vitrain which do not 
exceed one mm, in individual thickness. This fine banding gives 
a dull lustre of satin-like effect to the coal, 
acrotcop c e awe r. fracture is hackly. One cleat perpendicular 

to the bedding is well developed, but the other at right angles to it is 
not very well pronounced. The specimen does not appreciably soil 
the fingers and appears to be poor in fusain. The coal is predomi- 


nantly duritic. 

The ground-mass is extremely refractory and could not be made 
sufficiently transparent; the section can only be examined with 


Vertical thin section. 


the help of strong artificial light. It is tra- 
versed by long, fine, thiead-like bands which 


have the reddish brown colour of vitrain (Plate 12, fig. 1). Jt is 


difficult to say from what lauds of plant elements these thread-like 
bands of vitrain originati^ They cannot represent cuticles as they 
coalesce into broader bands and again diverge; also, in no parts 
IS the ehaiaoteristie yelbw colour of cuticle observed. The only 
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explanation that can be snggested is that these fine bands represent 
cells or groups of cells of woody stems which have become vitrainised, 
the remaining portion of the wood having completely decayed into 
the dark, duritic ground-mass. Broader bands of vitrain also occur. 
No spores of any kind can be detected and owing to the opacity of 
the ground-mass it is difficult to differentiate fusain from the ground- 
mass. 

The horizontal section represents mostly the duritic portion of 

the coal; where it has been rendered sufficiently thin, it appears 

« .... .. as dark brown, irregular patches. Here and 

Horizontal flila oecflon. , vx- j 

there may be seen what is undoubted wood 

structure merging into the opaque ground-mass. Indications of 

skuoture representing traobeids and wood rays can be made out. 
In some instances, structures resembling boraered pits are observed. 
All these evidently represent vitrainised portions of woody elements. 
As will be seen in the sequel, this coal, by treatment by the macera- 
tion process, has yielded mostly fragments of tracheids with bordered 
pits. 

The vitrain which, as already stated, is in thin lenticular bands 
under one mm. in thickness, shows cell structure. Where the cells 
have escaped crushing, a transverse section of 
^^Verttcal poHshed sec- jg gg^jj presence of annual rings 

in many Gondwana woods is well known, but 

I doubt if the uncrusbed cell can be said to represent the thicker 
walled cells of summer wood which have escaped crashing owing 
to the thickness of their walls. They are lineally arranged parallel 
to the bedding plane and, traced laterally, they pass into crashed 
cells. 

Bands of fusain show the characteristic * bogen ’ structure. 

The durain is characterised by the presence of elliptica!, alveolated 
bodies (Plate 12, fig. 5), very similar to ti>ose found by Prof. Jeffrey 
and Mr. Ohryd.er^ in the lignites of Brandon and named by them 
Btimiitis bimdonianus, which they determined as representing a 
sclerokum stage of some fungus. Similar bodies have also been 
observed by Dr. Bode in the Miocene ‘ Braunkohle ’ from the 
Niedeerhein province, by Dr. Reicheubach^ in some bitnminons coals 

* JeScey, E. C. aoA Gcnsler, 1C. A., * The of Brandon Sep6rt€f&* rcrmoat 

State Oeologia, 1806-1906, m. 196-801. 

* BeiobealMMli, B., ‘ Beifanga znr B^enniaiB der Koblen dee Eolmnblan&ahec ObU 
koidiQste IGt. der Abt. Inr Goat. Brz. EoUe— and Bals UntersariiiTiagea, Heft 6, 
Ptenn. Landalt., (1926). 
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from ColumLIa and by Ur. llorn^ in apociim'iio of vS^jitzbcrgen 
coal. Besides, bonio ionndetl bi/oio-liko bodies pJso appear, an in 
the Ciiso of fJTandoii ligmUi-, w’liiob Piof. Jetuey beliexc'' Ciigiiiuted 
possibly from tbc diriJitt/^uUion of flic alveolar irarson (Plate 13, 
fig. 1). In the duuiin Ibeiu albo occur immeioub angular and bow 
shaped fragments of doiu is which, in iJiu polished seciion, have the 
appearance ol vitiain ; lliese si'cjn to be ileiived fiom the disintegra- 
tion of the sclorotium bodiei,. The duiain is mainly composed of 
these sclorotium elciiitnlh in a luiinic ground-mass, mcgaspoies being 
completely al^sent and I have not been able to detect the presence 
of miorospores. There is a fair amount of dctrital mineral matter 
and fragments of fusain are common. 

The fxmgns bodies come out more clearly in horizontal section; 

the section includes a patch or lens of vitrain with a cluster of these 

bodies lying on it (Plate 13, fig. 2). Evi- 

»eca^°****^ poHshed it, represents a fragment of wood which 

has been attacked by fungi. As in the other 
section, the clurain is comimsed mostly of fragmentary parts of these 
fungus bodies; no spores can be made out. 

The vitrain docs not show any structure. 

"Witli this specimen also, a long treatment in Schulze’s reagent 
extending over nearly two weeks was necessary before satisfactory 
results wore obtained. The treatment yielded 
raSS^Sdnet ***”**”" fragrae^ts of wood which are seen to 

be biacheids with aiaucarian pitting. Both uni- 
seriate and pluriseriate- mostly alternating biseriate — ^bordered pit- 
ting has been observed. The unisoriate pits are closely contiguous, 
approximate to hexagonal outline and have round ‘ pores The 
biseriate pits are alternate with both roimd and elliptical ‘ pores ’ 
and though farriy contiguous, preserve in some oases elliptical out- 
lines (Plate 13, figs. 3v. )li). In the absence of fragments showing 
radial sections of wood rays, it is not possible to determine these 
woods; it cau only b<j said that they belong to the Dadoeylon 
type. 

In tho macerated product there is a cumplote absence of spores, 
pollen grains or cuticles. This fact is fignificaut as it confirms 
the conclusion, arrived at Irom the examination of thin sections, 
that l^e coal was formed mostly from woody stems. 


^ * Beiiorage zur Kenntais der Kolde Svalbard Oslo, ( lUaii)}* 



Pabt 3.] 


JBiAimai : 8tv/3^ of some InMm Coeds. 


313 


The examination of the sample has shown Ihat the coal orifi- 
naled chiefly from woody stems, there being a complete absence 
„ . of cnticlcs and spores. Yet the coal is pre- 

g n 0 e coa . dominantly dnritic while one would expect it 
to be predominant!}’ vitrainic. The wood has been extensively 
attacked by fungi, as indicated by the abvindant fungi remains, 
and this prolably has brotxght about the foimation of durain, the 
wood therebj being easily decomi)osed. The vitrain occurs only 
in very thin bands representing the parts thet ctcaped decomposi- 
tion and attack by fungi. The absence of finer plant debris seems 
to indicate an allochthonous origin for the coal, the deposit being 
formed from logs transported by water. The presence of fungi 
show's that the logs wore not subniea*ged under water all the time 
and that the climatic conditions were moist. 


SPECIMEN NO. 3. 


This coal is of Jiomosreneous appearance with pitch-like lustre ; the 

Btroak is decidedly dcik blown and the coal is latLcr ) ittlc, bieak- 

„ .... buy with -nij-conoholdal fiacture. In water, the 

Macroscopic character. ■ . , • . i , -.i i 

coal breaks up into iragtncnls with a crack 

luji noibc. .\ccordini* to German clasMlicalion it is ‘ (llauzbraunkolil ’ 

or what was formerly known uS ‘Pechkohl'. 

The section show's incipient banding, but there i.s no definite 

diiicrentiatiou into durain and vitrain as is geticrally thr case with 


Vertical thin section. 


biwvn coal. In one place, ceDuIar wood struo- 
ture is observeil, otherwise, the presence of the 
various kiuds of plant debris cannot be made out, as cuticular 
fragments and spores aic not common. The fungus bodies observed 
in polished section are repieseuted by dark brown, round bodies 
almost opaque and showing no structure. 

Tn horizontal section, the coal appears more or less homogeneous, 
except for the dark opaque patches which represent fungus bodies 
In thin sections, iron pyrites is difiBcult to 
detect, though it comes out very cons^iicuously 
in polished sections of this coal. 

The presence of poll«i grains cannot be definitely established; 
maceration, however, shows them to be piesent. 


Horizontal thin section. 
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Before polisLing, tlie specimer^ were cooked in Canada balsam, 
as the coal breaks up into small frugmenth when moistonod with 

n it u A It water or exposed to air for some timt' ; this 

IS known to be the c,i&e also m European 
* Qlanzbraunkohlen * of this rank. 

The specimen has a very homogenous appiMrance, only small 
strips of cuticle appearing here and tluro (Plate 13, fig. 4). In 
the section there is a definite direction along whicli small fimgus 
bodies are arranged lineally; they occur in a chain and the band 
very probably represents a stem of wood whicli had been attacked 
by fungi, (Plate 13, fig. 5). In Plate 13, fig. G is illustrated one 
of these Sclerotitis sp, on a higher magnification. 

The whole coal is impregnated with small grains of iron pyrites, 
which impregnation, as already stated, is not seen in thin section. 
The presence of this finely disseminated pjTitc may partly ac'count 
for the bre ak i ng up of the coal into small fragments when placed 
m water. Very little detrital mineral mailer Las been obseiwed. 

The product obtained by maceration consists mostly of frag- 
ments of cuticles and inicrospores, some of the latter showing the 
characteristic marking duo to tetrad grouping, 
ratlwtt^roduct! ^* ”**^^* Plate 14, fig. 1 illustrates a fragment o£ ciiiich^ 
showing stomatic openings. 

SPECIMEN NO. 4. 

This is a coal with pitch-like lustre showing no banding. It has a 
homogeneous appearance and s])b’ts oinily along the bedding plane. 

u— * Th® fracture is hackly and the stre^ dark 
brown. A portion when split along the bedding 
plane showed ‘ augen ’ striudure. 

The ground-mass shows finely laminated structure due probably 
to finely broken up plant debris. Fragments of bright yellow cutif*le 
are numerous, (Plate 14, fig. 2), as well as 
the fungus bodies, wliich are usually dark 
brown in colour ; some are alveolar, others with a single central 
cavity are usually egg-shaped. 

The horizontal section shows the presence of munerous pollen 
gcains — ^both round and oval — and rizontal sections of cuticles 

H«rt*o«t.lfl,te«c«oa. If indefimte botindaries passing impercep- 
tibly mto the brown humic ground-mass. The 
presence of fungus bodies can also be made out. 


VerUcal thin section. 
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Compared 'svitli the other Tertiary coal, this sample has a more 
laminated appearance and the occnrrenco of fragments of cuticle 

^ ^ „ is more frequent. There is, however, no definite 

Polished section. i i i t i i • 

band of what may be called vitram or duram. 

It also shows the frequent presence of fungus bodies arranged in 

definite bands as in the case of the other Tertiary coal, (Plate 14, 

fig. 3). Pyrite is sparingly present, but there is a certain amount 

of detrital mineral matter. 

The maceration products for the most part consist of fragments 
of leaf cuticles. Two t}’pes of cuticles are present, one with small 
polygonal cells, (Plate 14, fig. 4), and the 
wtSproduc” elongated reetangular cells, (Plate 

14, fig. 6). Stomatic openings have been ob- 
served only in the latter. Besides the leaf cuticles there is present 
a certain amount of pollen grains. They are also of two types, 
one round and the other elliptical in shape. Plate 14, fg. 6 illus- 
trates a cluster of the latter variety. The fungus bodies are repre- 
sented by small, very dai*k brown, in some oases almost black, opaque 
globules. 

CONCLUSIONS. 


The es;^nunation the two G-ondwaia coals has shown that woody 

stems contiibuted to some extent to the foimation of the coals ; they 

^ ^ . may, theiofoic, be said to have originated from 

Oondwana coals. . ^ mi. ± 

tree-like plants. The presence of araucarian 

pitting has been definitely established, while no scalariform tracheids 

characteristic of the Filicales has been observed. This seems to 

indicate a gymnospermous afidnity of a portion at least of the flora, 

especially as megaspores are completely absent. 

One of the most striking featui^es of the Indian Tertiary coals 


is the relatively frequent occurrence of sclerotium bodies of certain 


Tertiaiy coals. 


fungi, partly differentiated into several cells 
and partly simple. It will be important to 


observe whether these bodies occur with the same frequency in 


other brown coals or lignites. They have been obser^^ed in the 
German brown crals from Niederrhein promce and in the Tertiary 
coals of Spitzbergen^ and Columbia.® Their presence cannot be 


^ Hom, G., ‘ Beitiage zur Keimtm<« der Kohle von Svalbard Oslo, (1920). 

^ Beiobenbach, B., ' Beitra^ rnr Kojontnls der Eohlen der Koltumbiaaisober Ost- 
kordillore Mxt. dn Abl. iur Gest. Brz. Koble-nad Salz Untetsaebungen, Heft 6, Prenss, 
Geol. Landesanslalt, (1928). 
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taken to inclioatt* a regional ciiaractei*, a .special featuie of fcroj>ical 
regions. They arc, ho^\e\er, certainly moio Irequent in Tertiary 
coals than in tlie coals from Palieoxoic and Mc,so2:oie. 


LIST OF ILLUSIRA IIONS. 

SPECIMEN No. 1. 

Plate 11, Fig. 1.— 'rtin boouou. Oliistcx ot nucrosixaet.. XoiK). 

„ 11, „ 2. — Vertical j)olishccl FcctioTi. Euraia. X 100. 

„ 11, „ 3. — ^Veiiical polished section. Eu&ain showing ‘ bogeii ' line. 

XlOC. 

99 11, „ 4. — ^Vertical polibhcd sceiion. J<\ifeaiii showing coll stiuctm*e. The 

irregular patch is pyriie. X 38. 

99 11» 99 5. — ^^^ertieal i)olibhed section. Easain show iug cell struotui o. The 

uregular patcli is pyritc, X 228. 

„ 11 , „ 6 . — Vertical polibhed section. FiL&ain. Tangential bection show- 

ing wood ray and borden d pits. >, 228. 

Plate 12, Fig. 1.— Yeitical polibiicd section. Fu.-ain. Tangential botiiou bhow^ 
iT»g thickeiiiiiu uJ Koiizojital waJlb oi tiacJioids. X IOC. 

„ 12, „ 2. — ^Hoiizonlal j/olishcd •‘t'clicm. Euiain. XlOC. 

„ 12, „ Fragment ot wood Irutu maceudion showing pluiibciiiiti 

boidoied pits, s 102. 

„ 12, „ 3(6). — Fragment oi woutl fiom inaoeialion showing bcparatod 

unisc^riale l.otd*^iod X)ilfa. 80. 

hJPECililEN No. 2. 

„ 12, „ 4. — ^I’lun section showing line baud* ot vitrain. xCo. 

„ 12, „ 6.— Vertical polished section. Duraiu with bcUrutitia bp. X228. 

Plate 13, Fig. 1. — Witical x)oiibhed bcetion. Eurain with bvkrolUls sp. x228. 

„ 13, „ 2. — Hoi izonlal polished boction, Vitrain tvith sp. )i78. 

„ 13, „ ^a ), — Voody Iragmeut uldaiued by macoraliou showing uniseiiate 

and bL-.eiiate bordered i>iis. X270. 

» 13, „ 3(6).— Fragment of wood, obtained by maceiation, showing Liberi- 

ato bordered X 270. 

SPECIMEN No. 3. 

„ 13, „ 4.— Veiiical polished section, showing cuticle* and giaiub of 

rite. X 106. 

,, 13, „ 6. — ^Vertical polished bcction showing a baud of Bderotitis bp. and 

its spores. X 96. 

„ 13, „ 0. — ^Vortical polibhed section. Bekrotitib X228. 

PiASna 14, Big. 1*— Cuticle showing stomatio opening. Obtained by maceration. 
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SPECIMEN No. 4. 

PiATB 14, Fig. 2.—Tliin aocbion. Vertical, sliowiiisf cuticle. Xl<K). 

,, 14, „ 8. — Vertical (?) polished section. Meroiiiis sp. x 228. 

, 14, „ 1. — Fragment of cuticle obtained by maceration. X 100. 

„ 14, „ 5. — Fragment of cuticle obtained by maceration. X 1(^0. 

14, .. 6. —Pollen grains obtained by maceration. XIOO. 



348 


Jlecords oj Uui Gcoloyicct, dui cey of India. [ Yoh. LXVl. 


The Specific Gravity and Porosity of Indian Build- 
ing Stones. By g. ue P. Cotter, vSqD. (Dub.), 
F.G.S., M. Inst. M.M., SiipcnnUndmU Geological Sur- 
vey ot India. 

F, Becke ^ and Jf. A. Daly^ have pointed out the importance of 
recording the spe(‘iliL* gXviYities of i'oek«. U soomed tlierofore worth- 
while to publish some results obtaiiiod miiuy years ago on tlio specific 
gravity and porosity of Indian building stones. 

When I first joined the Geological Suiwey of India in the year 
1905, 1 was set to woj k at a collection of building stones, the specific 
gravities and porosities of which it was requii'ed to determine. Our 
laboratory was not in those days fitted with the appliances necessary 
for foicing water into the i)ores of the rock by creating a vacuum 
in the water container in which the rock was placed. The method 
adopted, after preliminary experiment, was to soak the specimens in 
water for five days, after which it was foimd tliat the increase in 
weight, due to the further absorption of water, was small enough to 
be neglected for practical purposes. Each specimen was first weighed 
in air, and again weighed in air after a five days’ immersion in water, 
and finally weighed in water. The specific gravity was calcukted 
in the ordinary way from the first and third weighings. The poro- 
sity was found by a comparison of the first and second weiglungs, 
which gave the amount of water absoibod in five days. 

There are, it is admitted, inaccuracies in the method adopted, 
as, in the case of specimens with higti porosit)% the immersion for 
five days in water was probably not suificient to drive out all the 
air from the interior ot the specimens, some of which show, in con- 
sequence, too low a specific gravity. 

The fact that there were no appliances for foicing the water 
into the poxes by exhausting the air in the container, and tbe varying 
size of the building stones, prevented any more accurate determina- 
tion. 

The average size of the specimens was about five inches cube; 
in fact^ they were rather too laige for acciuate work. 

Becke: JHas spcziti'.tho (iewicbt dev Tipfeui*r»stcine. J^itzungsber. d. Math. 
Naiunma. Klasscd. kais, Alvd. d. II ho, II lu*. Band OXX, Abt. 1, p. 2C5, (1911). 

* B. A. Daly : Igneous Rooks and Their Origin, p. 3S, (New Yoik, 1914). 
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Nevertheless, the results arc of some interest, and give a fair 
idea of the porosit)" and specific gravity of Indian building stones. 

In the table sul>joinecl, the first column gives the registered 
number of the specimens in the registers of the Geological Survey of 
India ; the second column is ihe name of the rock; the third column 
shows the locality, while the fourtli column gives the porosity ex- 
pressed as the number of grammes of water absorbed by 1,000 
grammes of rock. The fifth column shows the specific gravily. 

I have felt rather doubtful about the usefulness of publishing 
results (lone on large stones of varying size, and without immersion 
in water in mcuo^ but I have decided, rather than have this work 
buried in files, to offer it, such as it is, to the Records of the Geological 
Survey of India?- 


Table slowmg the Specific Gravity and Porosity of certain Indian 

Building Stoies, 


Knmber In Bock 
BeslBter. 

Descflptlon. 

Locality. 

Pocoaity, 
as grammes 
of Tvatcr 
per 1,000 
grammes 
of rock, 

i 

Specife 

gravity. 

17/113 

Grry B ukIlI- 

"cnami senes. 

Qu Tiv bc‘^\vcn Tv»U- 
lusti .ihJ lierUun^a. 

1-40S 

2-641 

17/lU 

Pink jrraiiite, BniNlel- 
khmd gueiob sencxi. 

Siv.'pia.iiii uu&ix } , X 
tl loTtir oi a mile liuin 
dnapuTjm (15® iiV : 
70® li5')- 

0-679 

2-652 

17/113 

Grey aranite, Biindel- 
klmiici gneiss series. 

Do. . 

0-478 

Cl 

17A35 

Scapollto-gnel«3, -\xavalll 
system. 

Kfa^iiroda (28® 5'; 76® 
7'). 

0-636 

2-946 

17/136 

ScapoUte-gnclss, Aravalli 
system. 

itokhuto (37® 36': 73® 
50'). 

0*749 

2-823 

17/137 

Do. . 

Goal-ka-Xlialm, eight 
mlle<! from Bcawar. 

2*622 

2*900 

17/187 

Gneiss, Delhi system . 

Madar, near Ajmlr 

4-lK)0 

2*679 


1 The author is un^lu^y modest oonoerniui* the 's a luo of this papei . The data presented 
are of much interest and their value is enhanced bj the fact that the determinations were 
made on relatively lar^e specimens — namely 5-iiich cubes. The only results that may 
appear unusual are the values for tho spccifio gravity of IJiondalito, Tvhich are much 
below the true values for fresh specimens. In certain calculations concerning tho apeoiUo 
gravity of t^ie Eastern Ghats province, I have taken 2*5)3 as the averoM bpecific gravity 
of khondalite, this figure being based on specimens collected by T. L. Walker and C. S. 
Middlemiss. Khondaiites used for building puiposos are almost always much weathered 
varieties. The low specific gravities shown in Dr. Cotter’s table are a measure of the 
amount of alteration of the samples tested.— L. L. Fermor. 
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Table showing the Fpecifie Gravity and Porosity of certain Indian 
Building Stoms — contd. 







Porosity, 
as grammes 
of water 
per 1,000 
grammes 
of rock. 


Xuinber In Hock 
ii agister. 

Description. 


Locality. 

Specific 

gravitv. 

17/7C0 

Kboinidlifc . 

• 


Khiftorimiulla, IJirco 

miles somli of Jatnec. 

05-1 Sf) 

2*30.3 

17/701 

Do. 



Saiigar, tliroc miles ironi 
Kuluparagliat station. 

10-0.37 

?-4.53 

J7/70ii 

Do, 


* 

Qaarry at tiolabund, 
six miles from Berhiim- 
poro. 

6r>-540 

2* 188 

17/703 

Do. 



Quarry at Dajpur, five 
miles from To^puram. 

79-200 

2-494 

liV'itil 

Do. 



Sampeta uuarry, 11 miles 
from Sampeta station. 

45-157 

2*509 

J7/7UC 

Do. 



Ellavada Kondn uuarry, 
near Ivelllraarta. 

37-982 

2-362 

17/708 

Quart z-wmot-roeb 


Pcnlu JPadar guarry, 31 
miles fipom Palasa. 

40*940 

2*430 

17/140 

Quart z-scliltl 



Seriti (27® 50®: 76® 4' 
30'). 

0*271 

2*660 

17/141 

Do. . 



Sara! Doonpjrl (27® 50": 
76® 12"). 

0*200 

2*00(» 

17/142 

Do. . 



Salaoth, bol'treon Arnn 
and Bban Kbari, B. 
M, Ey. 

1-074 

2*652 

17/143 

Do. . 



Between Bban Kbari and 
Dausa. 

0-658 

2-C82 

17/144 

Do. . 



Sllora, KLsbengorh, Eaj- 
pntana. 

3*305 

2*072 

17/145 

Do. . 



Do. . 

8*312 

2-688 

17/146 

Do. . 



SrinauQf , ten miles from 
Ajmlr. 

11*050 

2-6.35 

17/147 

Do, 



Basnlpnza, near Madar 
station, Bejputana. 

1-100 

2-665 

17A48 

Do. , 



Do. 

1 5-CaO 

2-451 

17/207 

Haaolt, Deccan trap 


PIndra! llTandla district 
(22® 31' : 80® 5'). 

2-937 

2-85 1 

17/308 

Do. 

• 


Bhikara, Seonl district 
(22® 47' : 70® 65'). 

1-603 

2-935 

17/200 

Do. . 

• 

• 

Temn quair>% Klharpu, 
labdlpur district (32® 
61' : ). 

5-66.3 

2-740 

17/210 

Do. . 

• 

• 

Gournaita, Jamtara, 

Jabalpur dlstikt (23® 

5' : 80® 2'). 

1-671 

2-899 







Part 8.] CSotter ; Indian Bmlding SUynes. 361 


Table showing the Specifc Gravity and Porosity of certain Indian 
Building Stones — contcl. 


Numljer In Eoft 
Register. 

Description. 

Locality. 

Porosity, 
os grammes 
of water 
per 1,000 
grammes 
of rook. 

Speelflc 

gravity. 

17/211 

Deoan trap 

Quoirle* ne.ir Baikx, 
ea'>t of Runija stxtion 
(2V 12': 23'). 

1-301 

2-067 

17/212 

Do. . . . 

Deo Ooittria, Indore (20" 
40': 75“ 38'). 

0 780 

2-010 

17/211 

Do. . . . 

Paddharl (22* 20' : 70“ 
37 ). 

5-029 

2-7S8 

17/21 1 

])x . 

Tbarida, tUreo miles we^t 
ol B.»iknt (22* la': 
70* 30'). 

3-2C0 

2-302 

17,210 

Vl+erpil rliyolUo . 

Rijiila (2r 3': 71* 29') 


2-553 

17 21S 

Do. . . . 

Do. . 

^BO 

2-579 

17/220 

1)0. 

Rama qiurry near 
S«lioro (21* 43' : 71° 
30'>. 

20-373 

2-5C3 

17/122 

On^tailino lImes;t»m-‘ 

>ysWm. 

Kali Paknll (28* 12': 
70* 31'). 

0-021 

2-717 

17il21 

Di. . . . 

Aiurl (27* 5C' : 70" S') . 

0-458 

2-874 

17/12* 

1)0. . 

1 ) 1 . rota (28 o“00': '*0* 
>'). 

0-17 1 

2 921 

1 

17/121 

Do. . 

KhiUuda (2b“ 5' : 7o' 7') 

0-l">5 

2-912 

17/I2t; 

Do. . 

Jtulo (27* 31': 73* TT') 

0-77S 

2-301 

17 1 '7 

Do. . 

Khiradi hill v27* 50': 
7>* 31'). 

0-000 

2-712 

17,127 

1 

Do, (second spetl- 
inenl. 

Do. 

0-000 

2-749 

17/12^ 

Do. . 

Ohokdl (27* 30' : 75* 40') 

0-610 

2-783 

17/120 

Do. (second apoci' 
men). 

Do, . 

X-047 

2-740 

17/120 1 

Do. , 

Bodheli t27* 41': 75* 
4V). 

0-000 

2*772 

17;180 

Do, , 

Do. . 

0-077 

2-710 

17/133 

Do. , 

Jamiin-kl-Chankl. near 
Ajuur. 

0-075 

2-873 

17/134 

Do. , 

2rortlwlla (27* 50': 75* 
50'). 

0-101) 

2-702 

! 

17/152 

Marldti, Carboniferous • 

Maiblc Isle, near 2feigui, 
J^ower Burma. 

0-001 

! 2-747 

17/103 

Shaly limestone, Lower 
Vmdhyone oi JRalpnr. 

Paraaliat, east uf Bllas- 
pur. 

2-123 

2-732 

17/105 

Black limestone, Lower i 
Vindhyans of Jtlaipur. 

danipaflur, 02 miles 
e«iHt of Bilaspur. 

0-272 1 

2-722 
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Table shoicivg the Specific Gravity and Porosity of ceitam Indian 
Building Stones — oontd. 


Xumhor In Rotk 
Kr^istei. 

Pistilplioiu 

Looabty. 

Porosity, 
as trrammes 
of water 
per 1,000 
urammes 
of rock. 

Sl)eclflc 

urovity. 

17 ISO 

riinO''f(»p(‘, Lo^\el Vln- 
(lli/ms 

Niml) ilwrt cjMariy. 

0122 

2-723 

1718 1 

Do, , 

Seen** Kohui (Snikhera) 
qunrrv scM*n miles 
irom Neemaeb. 

0-190 

2*719 

17/225 i 

Pornbantlor stono, or 
aeollan Utoestone (Sub- 
Recent). 

Sliakar quarry, 21 miles 
from ■Rana\ar station 
(21® 42' • 09® 47'). 

ISO S31 

m 

17/226B 

Porebandor stone . 

Bhosfara quarry, 1^ mllos 
from R,inaAMr station. 

202*722 

2*453 

17/227C 

Do, 

Oared quarry, tyo miles 
from Jlimavnr staOon. 

171-037 

2*249 

17/228D 

Do, « • • 

Barwasquarr.v, one mile 
from Chorsvad station 
(21° 2' : 70® 10'). 

7S-00R 

2*119 

17/S29B 

Do, 

Iiow.ir quarry, near 
Barwas quany. 

68-901 

2*2.33 

17/280F 

Do, . • 

■Wlilte quarry, three 
miles from Chotwad 
station. 

60*706 

2*1 14 

17/2310 

Do, 

Mohobatpnra quarry, 
five milf-s fiom Chor- 
■wad station. 

87*828 

2*232 

17/232H 

Do, , m , 

Juna^tid quairy, three 
milts tiom junaqad 
station (21° 32': 70° 
2U'), 

372-471 

2,603 

17A89 

Calcareous sandstone, 
Damada series. 

Banall, near Jtaniqnnh 
E, 1, Ry. 

26-039 

2*610 

17490 

Do. , 

RanloanJ, U. 1. By. 

18-370 

2-031 

17/107 

Do. , 

Itamnnynjar quarry, 

Amraoha, Karktdl. 

40 053 

2-653 

17/100 

Calcareous sandstone. 
Upper Gondwanaa, 

1 

Pdukl quarry, four miles 
from Bbranqadra 

station. 

63,907 

2,408 

17/204 

17 '205 

Calearcous sandstone, 
Lameta beds. 

Do. 

t41u^ttla quanlts, near 
Kauai ^22= 20': 70® 
12'). 

Do. , 

93,071 

4r)-,)r>0 

2-528 

2-526 

1485 P. Pr. (A) 

Foramlniferal limestone 

Baqatora, Karachi dls- 
tilct (26'' 20' : (>7®5n 

1-252 

2-706 

1485 P, B. (B) 

Do. 

PCana irill quarr\^ at 
Knjaibl (2?=* .>2': 07® 
7'). 

Tandmi quarr\% Slid 
distiht (20° 41': 07® 
58'). 

34*052 

2-520 

I486 P. B. (C) 

PoiandnlTeral sandy 

limestone. | 

20-447 

2*627 
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Table showing the Specific Gravity and Porosity of certain Indian 
Building Stones — contd. 


Number In Boole 
Register. 

Description. 

Locality. 

Porosity, 
as grammes 
of water 
per 1,000 
grammes 
of rock. 

Specific 

gravity. 

1436 P. B. (D) 

Foraminilcral sandy 

limestone. 

ICalati KUla quarry, Slbl 
district (29* 14' 40': 

61® r 16''). 

9*036 

2*036 

U8j P. B. (E) 

Grey, chalky, fine- 
grained limestone. 

Spintaugi quarry, Sibi 
district (29® 66': 68® 
S'). 

6*979 

2*728 

lilS P. II. (P) 

Sandy limestone . 

Ehost quarry, Ebost dis- 
trict (30® 84' 40': 67® 
87'). 

19-426 

2*666 

1435 P. B. (G) 

Grey, chalky, fine- 
grained limestone. 

Drlgi quarry, (80® 25': 
67® ^1'). 

0*949 

2*701 

1436 P, B. (H) 

Poromlniloral limestone 

Hang! quarry, ATangi (30® 
22' 49' : 67® 28' 10'). 

0*713 

2*673 

1 - 4^0 

Very calcareous sand- 
stone. 

Eachb quarry, Kachh. 
(30® 2> 80': 67® 2(K 
SCT). 

46*948 

2*558 

1435 P. B,. ( j) 

Sandy limestone . 

Bhagwanwala quarry, 
Jhelum district (33^ 
46' : 73® O'). 

18*666 

2*661 

i-i35 P. B,. (K) 

Do. - . . 

Taraki quarry, Jhelum 
district (38® 1': 73® 

28' 10'). 

15*815 

2*669 

1435 P. B. ( L) 

Very calcareous sand- 
stone. 

! IJaTval quaxr 5 % 31 miles 
west Taraki station 
(83® 0' ; 73® 30'). 

9*030 

2*663 

17/150 

Sandstone (age unknow) 

Dighwora station, E. H. 
By. 

30*250 

2*429 

17/163 

Sandstone, lower Salad- 
s'- « 

Do. ... 

Adegal, Badami taluq • 

17*028 

2*618 

17/164 

Do. ... 

19*182 

2*607 

17/155 

Do. 

Do. 

5*860 

2*620 

17A56 

Do. . 

Do. 

9*142 

2*643 

17A34 

Sandstone, Bower Vln- 
dhyans. 

Arpa river, east ot Bllas- 
pur. 

18*858 

2*712 

17/166 

Sandstone, Upper Vln- 
dhyans. 

Agra, local quarry 

84*678 

2*719 

17/167 

Do. ... 

Gharonti quarts', near 
Agra. 

9*349 

2*644 

17/168 

Do. 

Achnera quarry, near 
Agra. 

13*067 

2*496 

17/16D 

Sandstone, Eialmur beds 

Juba! quarry, ShluraJ- 
pur. 

25*660 

2*459 

17/171 

Do. 

Do. 

20*187 

2*482 

17^73 

Do. 

Jugal quarry, Bbiuraj'' 
pur. 

19*698 

2*488 


H 
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Table showing the Ppeoific Gravity and Porosity of certain Indian 
BmMing Rones — contd. 


N^iimlifrln Rock 
UrgiBLer. 

Pwcriptlon. 

Locality, 

Porosity, 
as yrammus 
of water 
l>cc 1,000 { 
grammes 
of rock. 

flpeclDc 

gravity. 

17/173 

'^.tn Mono KfiiraUT licOs. 

Itlrolil quarry, Hrip/apur. 

24-0 ill 

2-686 

37/lSl 

Upper Uliui- 

il(‘r IilmK. 

liliaralpuT . 

a 1-072 

2-613 

17/18-1 

Do. . 

ITlndaiin 

45-00.1 

2-630 

17,1S(J 

S'tnililone Upiwr Vin- 
(UiyjmN. 

Do. ... 

39-708 

2*566 

17/191 

SiiuM-oiip (non*pa»- 

coreoiw). 

tlh'^iria stone No. 1, E. 
l.Ry. 

18-170 

2-361 

17/102 

Sands toiw, Bamnda 

iQl\04. 

CUeiria stone No. 2, E. 
l.Ry. 

IS-4G5 

2-640 

17/103 

1)0. , 

arulkliera stone, B. N. 
Ry. 

19-004 

2-543 

17/101 

r>o. . . . 

Rivet liiidtro, ucsir Jhar- 
snjoila. 

43-211 

2*010 

17/105 

I>0. 

Anuppur, near Annrkan- 
tak. 

37-747 

2-401 

J7/10C 

Do. 

11 uuuayajar qiiarry, 

Aminolia, ICarkiMl. 

i 

4R-88'> 

2-380 

17/lUS 

Mloawoiw sand d Oik* 

h imudafeikH, 

Vtkanipur, ni*ar Bnrliar 
staiiou. 

51-315 

2-670 

17/201 

Samlhtoiio, UpiM*r floiul- 
winas. 

Isudarla quarry, Bliran- 
qadra station. 

01-877 

2«611 

17/302 

White, flae-t?ralned sand- 
al out*, Upper (k»ul 
wana ur Lameta. 

rtja Nalla, Rauipiir, 
Jabalimr dMiict (23*^ 
9': SO’ 00. 

.n-uw) 

2-636 

iy/203 

Sandstone, Upper dond- 
wana oi Lamcta. 

Qiuiiy near Idar, Abnicd- 
nr'-,ar (23*^ 35' : 73® O'). 

30-120 

2-467 

17/200 

Sandstone, Lame! a huJs 
(ni>n-t.Mlc\wous). 

Clhattia quarries, near 
Nanai (22® 20': 70® 
L2'). 

52-006 1 

2-472 

17/756 

Butf, porous qrit . 

Naraj, seven miles north- 
west of Cuttai'b. 

00-713 

2-378 

17/750 

Cream sandatouo, med- 
' lum to flne-gwined. 

2>0. , 

33-C02 

2*300 

17/757 

Buff, coarse-grained 

bandbtone. 

Nbnndaglri. three miles 
west of Bhubaneswar. 

50-152 

1 2-377 

17/768 

Very llue-grointd, cream* 
argillaceous sand- 

stone. 

Do. . . . 

64-044 

2*646 

17/763 

Sandstone . . . 

iTahidy Mltta quarry, 
near Ivothu Bhema 
i^loglii. 

PadeuaOra quarry, IJ 
miles from Ohatrupur 
station. 

45-083 

2-408 

17/707 

Korni.inuus sandstone . 

45-091 

3-262 
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BnVding c 'ncld. 


Niunber in Rock 
Hegtster. 

Pe«^filption. 

Locnllifs. 

Porosity, 
as grati mes 
of 'water 
rei 1,» 00 
grammes 
of lock. 

Specific 

ginMtv. 

17/772 

Non-falcaioens sand- 

stonp. 

Bharol quail j, seven 
miles east of ^tTaJa- 
Klieia (27“ 20' : 76® 
86'). 

21-271 

2*409 

17/778 

Do, 

Bllurdi quarry, near 
Bliarol quairy (see 
last ontrj ). 

25-&86 

2-367 

17/188 

Rooiitig slato 

Kanathl ParU, near 

Koond, (28® 9': 76® 
27'). 

13-117 

2-764 

17/160 

Basal conglomerate, 

Lower Vindhjans. 

Kota, north ol Bilaspur 

2*764 

S-648 

17/162 

Homatono, Lower Vlnd- 
hyana. 

Paisada, cast of Bilaspui 

1*201 

2-634 

1 

17,222 

Laterlte 

Khargpur district . 

69*010 

2-7S& 

17/223 

Do, 

2)0. . 

53*12S 

2-634 

17/224 

Do, 

Di. . 

3G-SC2 

2-6:o 

17/700 

Do ... 

Litnic HhUKh Rc»acl . 

■*l*8o6 

2 681 

171770 

Do ... 

1 

Bhumitika tuo inih'. 

1 Pistol Jatifj 

05-010 

2-r)30 

17/771 

Do. , . 

1 Beiivteu Kulii'x. and 
Khuidn 

01 05, 

2 56G 
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I.— INTRODUCTION 

During the past few years, the North-East Erontier Eegion of 

Burma has been the scene of very considerable seismic activity. 

I ^ detailed account of these earthquakes will 

Lftnltation of paper. i , 1 i t -i 1 ^ ^ 

shortly be published by my colleague, Dr. H. 

L. Chhibber. The present paper is confined to a study of such 
seismologioal records of the major shocks as were available from 
Indian observatories. 

The epicentre of these sliotks has been taken as fcho Lagwi 
pass on the frontier between the Mjutkyina district and Yunnan. 
Epicentre. determination is due to the field observat* 

ions of Di. Qihibbcr during two visits to 
area in the latter parts of the years 1929 and 1930. The shocks 
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are caused by movement along a fault plane between tbe granite 
and volcamc tufis wliiob me^t at the Lagwi j^ass. 

Seismological records of certain major shocks which occurred 
duriug 1929 and 1930 were received from the loUowing observat- 

, oiies : — ^Alipore. Colaba and Kodaikanah Rec- 

ObSv^mlories. . ^ i iv ^ 

ords were also received from the Director, 

C4eodetic Brandi, Survey of India, afe Dehra Dun. 

1 am greatly indebted to my colleague, Air. P, Leicester, for 
the calculation of the great circle distances from the epicentre to 
the above obbeivatoiies by the solution of 
cirefe distajKes.'^^ spherical triangles and subsequent convers- 

ion of sea miles to statute miles, utilising the 
latitude and longitude of the epicenue and each observatory and 
Inman's ‘ Nautical Tables 

The latitudes and longitudes of the epicentre and the observat- 
ories are given in Table I below : — 


Table I. 


Locality. 

North latitude. 

East longitudo. 

Lagwi pass 

25" 49' 0' 

98° 30' sr 

Alipore (Calcutta) 

22° 32^ .. 

88" 20' .. 

Dehra Dan 

30° 18' o2^ 

78" 2' 66' 

Colaba (Bombay) 

18° 63' 36' 

72" 48' 64' 

Kodaikanal 

10° 13' 60' 

77" 28' 0' 


The respective distances of the observatories from the epicentre 
(Lagwi pass) are given in Table 11 below in statute miles and degrees ; — 

Table II. 


Distance. 

Statute 

miles. 

Detgiees. 

Lagvi x^aas to Alipore ..... 


677-5 

9" eo* 4»* 

,, ,, to Dehra Dun • » • « 

* 

1,279-7 

18" 36' .. 

„ „ CO Colaba . . . • • 

m 

1,689 

24° 83' 60* 

M ,, to Kodaikanal . • . • 

m 

1,739 

26* 17' 4»* 
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Tlie relative pobitions of ilic cpiccjitre *md tlio observatories 
may bo seen in Fiijj .re 1. 



Fi<j. 1. — Map ftliowinff the relative pORition*? of the epicentre, the paflB» and the 

observatories ol Alipore, Oolaha, T)clira 'Don and Kodsdkanal* 

The following arc tie instrumental details of tie seismograx)hs 
in tie respective observatories ; — 


Table HI. 


Station. 

h 

(metres). 

V 

To 

(seconds). 

e 

Alifiore AN . 


6-4 

260 


1 

AB • ■ • 



29 


1 

Colaba AN . 


6 

260 

12 

2-6 

AE ... 



350 

12 

2.0 

Kodaikanal AE . 


2,34S ! 

9-76 

16 

1 

!Dehra Dun AE 


• * ! 

1 

30 

•• 


refers to the north-sooth moveiuout (boom, east- west). 

AB refers to the oast-west movement (boom, north-south), 
has height above sea-level in metres. 

VsB xju^mfioation. 

Tossfree period of the pend^um (undamped and with pen-frfotion out out). 

G«ratio of suoces&ive positive and amative displacements when the damping 
apparatus is in action. 
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n. SHOCK OF 19TH JANUARY, igisp, AT 11 HOURS 22 MINUTES 
55 SECONDS (Q. M. T.). 

The following iccords were rocehed from the o[)b(TVi<.torie.s of 
Alipore and Colaba, the times being given in Crieonwich Mean 
* I j Time. Buima Standard Time is 6 hours 30 
minutes ahead ol Greenwich Mean Time. 


Tabuii IV. 



' Alipoee AE. j 


OoljMja ax. 


Hours. 

MinutOb. 

l 

Seconds, | 

Huuxb. 

Mmiiles. 

Seconds, 

l*. . 

mm 

23 

in 


24 

53 

s . 


25 

u 



33 

ii • . 


26 




3 

Al . 

, , 

, , 




18 

i’ . 

11 

48 

1 

in ' 

1 1 

Hi 


0 


The amplitude of the maximum as recoj'ded at Colaba was 3(ji 
and its period was 7 seconds. The epieentral (Jisiance was slated 
- , ^ to be 74.5 miles (JtiOO km.) from Alipore and 

pten a sauce. 1^863 miles from Colaba. These distances 
be conipaicd with the following which have ht.cn obtained by intoi- 
polation from S-P and L-P inter v«ns in ia])lc^ supplied to this depaii- 
ment by the ColaLa obscrvatoiv in coimectlon wirli the description 
ol the Kortli-West Hhnelayan Eartli<iualvc of the 1st Fol>riiaiy. 
1929.^ The thud value of the epiceutial distance has liecji ol> 
tained from interpolation of the B-P intervals in Visaer's tables. ^ 
Visser does not give L-P intervals. 


Table V. 





EpICEKTEAL niSTAl^ IN iiXaREES, 

Station. 

S-P. 

L-P. 

D>lal>a tables. 

Vissor's 1 
ta^e-. ! 

A» teal. 




S.P. 

m 



Alipore . . > 

Colaba . . 

m. 8. 

1 40 

4 40 

m. 6. 

3 14 1 
8 10 

8-3“ 

26-6“ 

ihr 

27® 

8 . 4 ' 

Sff‘ 

00® 

24 


1 A. L. Coulfion, Bee. GcU. Surv. ltd., LSIH. p. 4»7, (1030). 

® S. W. Visser, Kon. Mag. Met. Ohaeru. Baiatia, 2^ p. 116, {1930). 
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A glance ab Tables II and IV shows thab the long waves may bo 
considered as travelling a distance of 21° 33' 56" minus 9“ 50' 

19"— 14° 43' 7", say 14° 43' for ease of calculation, 
Velocity of long jn Q minutes 6 seconds, the difierence between 

WAV6S« • 

tlie iimes of arriv-al (L) of the long waves at 
eitker station. This gives the very high velocity of 2-4'^ per minute, 
which may be compared witii the usual speed of 2-0® to 2*1° per 
minute.^ 

If one knows the average speed over a distance equivalent to 
the difference in the distances from Alipore and from CoUba to 
the epicentre, then a time of origin can be 

Time of origin from L. obtained by calculating how long the long 
waves would take to travel from the epicontie 
to Alipore at the assumed speed and subtracting that calculated 
interval of time from the value of L at Alipore. Alternatively, 

the same result wHl be obtained by subtracting from L at Colaba 
the calculated time interval for the long waves to travel at the 
assumed speed from Colaba to the epicentre. 

The time of origin of the shock of the 19th January, 1929, 
may thus be determined as 11 hours 22 loiniitcs 56 seconds 

(G. M. T.). 

A reference to Visser’s tables will show that a time interval 
S-P of 1 minute 40 seconds corresponds to a time interval of 2 
minutes 8 seconds between the time of origin 
^ Ttoe of origin from arrival of the P waves (P) at Alipore 

observatory. The time of origin obtained by 
this method is thus 11 hours 23 minutes 34 seconds loss 2 minutes 
8 seconds, i.e., 11 hours 21 minutes 20 seconds (G, M. T.). If one 
considers the same S-P difference of 1 minute 40 seconds and the 
time interval of 3 minutes 48 seconds (vide Visser’s tables) between 
the time of origin and the arrival of the secondary tremors at Alipore 
(S), the time of origin obtained will be exactly the same, viz., 11 
hours 21 minutes 26 seconds. Consideration of the times of origin 
derived by this method from S-P at Colaba will show that they 
again exactly agree, as they obviously should, but are different 
from the preceding, being 11 hours 18 minutes 46 seconds. The 
mean of tbs time and the above is 11 hours 20 minutes 6 seconds 
(Q, M. T.). 


^ Yissen op. dx., pp, 4S-47, (IdSO). 
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A third method of obtaining the time of origin is by considerat- 
ion of the actual eploential distance of the shock from Alipoie, 
Time of origin from subtracting the value of P vrhich coires- 

P uiiing actual epiceiitrai ponds in Viper’s tables to that epicentral 
distance. distance, from the time P as recorded by the 

Aliporo observatory. The time of 11 hours 21 minutes 0 seconds 
(G-. M. T.) is obtained. 

Similarly, by consideration of P at Colaba, the value of 11 hours 
19 minutes 20 seconds is determined. The mean of these two 
times is 11 hours 20 minutes 13 seconds ((i. M. T.). 

A fourth determination of the time of origin of this shock can 
be obtained by subtracting from the time fcj at both Alipore and 
Time of origin from value of S given in Visser’s tables 

Sn^^actual eplcenfral which corresponds to the actual epicentral dis- 
■ tance from both observatories. The resultant 

determmations were 11 hours 20 minutes 50 seconds from Alipore, 
and 11 hours 19 minutes 44 seconds from Colaba, the mean being 
11 hours 20 minutes 17 seconds (G. M. T.). 

The above results are summarised in the following table, which 
Summary gives the different times of origin obtained: — 


TAniE n. 


I 


Ureukwicit ilEAK Time. 


-iietnoa. 

Day. 

Homs. 

Minutes. 

{Seconds. 

L . 

Jammrj 19ib, 1D29 

• 

11 

22 

55 

S.p . . 

Ditto 

• 

11 

20 

6 

p . 

Ditto 

• 

11 

20 

IZ 

S . 

Ditto 

. 

11 

20 

17 

Mean of abov-e 

11 

20 

53 

Mean of P and S znethoda . • 

11 

1 20 

12 


The first time of origin was based upon the proved higher veloc- 
ity of the long waves ; the second, third and fourth determinations 
wero based upon tables. The second necess- 
fr^”l adopted ^***''*^ aiily requires the assumption of an epicentral 
distance smaller than the actuaL The third 
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and lourfcli, wJiich are loally variants ol ilie saioc motliod, utilise 
tables in conjunction TOth tbc actual epiceni ml distance ; vvJiC‘r<“uis 
tlic tables do not agree in giving tiiat <ipiconlral distauce. Tbe 
estimated epicontral distances are geneiallj snialioi’ ioi* yUipore 
and larger for Uolaba tiian tlie acuuil cpiceniral dislaiKios. Accoid- 
ingly, in spite ol tlic mutual agreement ot tlie times of origiu dtu-Lv(‘(i 
from S-P, r and S met bods, it is considered tliat tlie L value ol tbe 
time ol origin, aii., 11 liours 22 minubi's 55 seconds is tlie Enur<i 
correct. Wlicie records of L lor the otb(‘r sbocks deseiibed here- 
after are available, tbe times of origin in all cases iiavc been determ- 
ined by the hrst method. 

[t is unfortunate tliat there aie no reliable records of the local 
time at which this shock of the Ibth of January was felt. Tlic 


Observer’s records. 


Burma Standard Time coiresponding to 11 
houis 22 minutes 55 seconds ((jl. i\i. T.) is 17 


hoiub 52 minutes 55 ,se<ionds (B. B. T.). The shock was universally 
telt at ‘about 0 p.m.” in blio Hiawgaw oubdi vision ol the Alyitkyina 
district, whoic it caused mucli dtunage. Jt was also Celt ai; Miiij^a, 


according to tlic Township Oilicer, J^aiiugbyiii. The Depiit^^ Utmi- 
missioner, Bhamo, stated that this shock was lelt in the Bhamo 


distiict. 


ilk— SHOCK OF lOl'H OCTOBER, 1929, Al 20 HOURS 2d AlINUTES 
33 SECOiNDS {Q. M. !'•). 

The lollowing records were received IrOiU tlie observatories ett 
Alipore, Dehra Dun, Coluba and Kodaikanal, tbe times beini* uiven 
in G. M. T. 

Seismologicai records. 

Table VII, 



* 6 denotes a giadiuU commenoeiiient oi inuiioa. 
i denotes a sudden oommenocment ol motioii. 
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The following additional information was given : — 


Table VIII. 


iStation. 

Amplibudo 

(i^)- 

Dibtaiu e 
(mile*!). 

liioMAnKb. 

Aliporo 

1 

2,207 

894 

Great oho'k. 

Debia D*ui .... 

• • 

1,400 

Slight. 

Colaba ...» 

36 

1,794 

.... 

Korlaikanfll 

10 

-• 

No iirelhnindry trcmais. 

« ■» 


The estimated cpiceniaral distances may be compared with those 
given in the following table which have been obtained by the methods 

Eplcenlral dlsmcea. previously (see p. 369) 


Table IX. 


Statiou. 

fj.*' 

1 

1 LV 

\ 

1 

Fpicn^TitaVL i>isT^vrjQ jn pDaaaE'-. 

Colaba tables. ' 

V««i>ei‘s 

♦ibles. 

S-P. 

Aeluai:. 

S-P. 

LP. 


m. 6. 

m. s. 





Alipore • 

2 13 

3 11 

IV 

11-7* 

11-d® 

9-9“ 

Debra Dun 

3 40 

6 10 

19-8® ! 

21-3® 

20-3® 

18*6“ 

Colaba . . j 

4 31 

749 

se-e" 

26^ 

26-6® 

24-6® 

Eodaikanal , j 

1 

•• 

1 


*• 

•• 

26-3® 


Three values for the velocity of the long waves may be determined 
by consideration of (3) the diSerence between L at Colaba and 
Alipore =l*7°/niin. (2) Dehra Dun and Alipore 

^V^dty of the long 

min. These results agree amongst themselves 
but they are much lower than the nsnal rate (2-20° /tnin- ) and 
especially lower than the rate of propt^ation of the long waves of 
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tte shock of the 19th January, 1929 Tlio liint* <i»ivou 

for /L at Kodaikanal is uot taken iiito couLsUevalion .is it is obviously 

not L, being 2 minutes 65 seconds eailier tiiau L loi wliicli 

is O’?"^ less distant from the epicentic. Jt is po .ibly S. 

Three values oi tlie time ol ori<;in may hki'wiv lx* deleiiniiuxl 
by consideration of the paths fiom Mic epheiiUe io i‘«uh <»bs(Tvaloi j , 
supposing llie long io haw a unilorm 

rime of origin from L. velocity. The Jollowing Innes ^\VJ•e obiainetl 
by consideration ot (1) (\)l.»bii .ind Ali}>oie 
-20 hours 26 minutes 28 seconds; (2) Dchra Dun and Mipoiv 

=20 hours 26 minutes 22 seconds; and (3) ()oliil)a and Dc^hi.i 
Dun =20 hours 26 minutes 5U seconds. The mean lime ol origin, 
from L, is thus 20 hours 26 minutes 33 seconds ((1. M. T.). 

It is interesting to compare this time of origin with the times 
obtained by deducting from the recoj'ded D and 8 times, the tinu'S 
P and S, derived tiom Visser’s tabhss, for the 
an?S irebrniiiary ^lud hccoudoiy ticmors respecjtivcly 

to tiavcl Jrom the actual epuumtre io the 
observatories (third and Ioui*tli mctlioda used in shock of I91.li 
January 1929). The following rcoulls wore obtained : - 

Table X. 

r OP ORKUN. 

M. 

20 
20 
27 
26 
20 
27 
27 
27 


H. 

32 

40 

21 




Mpore . 
Debra Dan . 
Colaba . « 


Meaa of above 


Kean of both metboda 
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Tlds time of origin- -20 Tioiirs 27 minutes 2 seconds (G. M. T.) — 
is considerably later tlian that— 20 hours 26 minutes 33 seconds 
(G. jM. T.) — obtained by corsidcrafcion of L, and is not considered as 
likely to be correct as the latter because the P and S waves were 
slower than usual. This is evidenced by the fact that determina- 
tions of the epicentre by S-P methods give distances greater than 
the actual distances. 

The Burma local time coircspondiug to 20 hours 26 minutes 
33 seconds (G. M. T.) on the lG(h October, 1929, is 2 hours 66 minutes 
33 seconds (B. S. T.) on the 17th October, 1929. There are, mi- 
fortunately, no accurate records of the time at which this earth- 
quake was felt in the North-East Frontier Eegion of Burma but 
all agree in it being about 3 a.m. Three shocks in quick succession, 
however, were felt at Tengyueh in China, some 62 miles almost 
due south of the Lagwi pass at 3’20 a.m. on the 17th. This time 
is probably incorrect. 


1 V.-~SH 0 CK OF 15TH DECEMBER, 1929 AT ABOUT 20 HOURS 

iQ. M. T.). 


The following records wero obiained from the observatories at 
Alipore and ColaLa, the times being given in G. M. T. The shock 
was not recorded at either Dchra Dun or 
Kodaikanal. 


Selsmological records. 


Table XI 



H. M. S. 

AlIPOEFi \B. 

j COI.ABA AH'. 

Distance 

(miles). 

Peilod 

(see,). 

Bhtonce 

(mOoB). 

H. M. 3. 

Period 

(sec.). 

Amplitude 

(tt)- 

p . 

10 50 57 

tmceitain 

006 

20 2 3 



1^42 

s . 

10 58 46 

6 

« » 

20 5 22 

.. 

.* 

** 

li. . 

** 

.. 

• • 

1 

20 7 1 

.. 

.. 

* • 

n . 


.. j 


20 7 26 

10 

£ 

• • 

F . 

20 18 46 

1 

•• 

20 28 .. 

- 

•• 

- 
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Tlie ebtmiaitHl 

Hpicentral distances. 


ejicential distances may 1‘0 eojuj^aied "witli 
in the lollowing table ^^llieh liavo b( <ii 
obtained l)y the inelhods cxplaiiiod previously : 


Tablt? XTI. 



Thus the epicentre of tLis shock is about the same disiaiu‘(' 
from Aliporo as the distance of tht La}^'^^i Pass from this olscrvatoiy : 

Imt accordini* to the Colaha records, the shed, 
conclus- j^o ColaliU. TliU‘>' 

there are two alternative eonchisious (1) T]i(‘ 
ru-ords ot l»olh ohser\atorjes are those ol a shock cliflereut fi<m 
ihat uhh'h occiiiTod on the Koith-Masl Fjontier of Duima al aloui 
2 hours 30 niinatcs (B. fcl. T,) on the inonnng of the KHh UeeemlM* 
1020, corTespondiug to about 20 hours (U. Al. T.) on the* Ibdi Deceni- 
hei*. ( 2 ) The Colaba records have ’oceii confused. Tin* imi alterna- 
tive is tlu' nioie pi'obable and the recojdh are not diseupsed further. 

The local times (B. S. T.) at which the 
Observer’s times. shock was felt vary greatly, as the following 
tal)le shows : — 


Place. 


Laukhating 

Tpngyyeh, China 
Por^aixison 
Htawgaw . 


Jf’Pumbnm 

Man^ 

PortMorton 


Senika 


Table XIII. 


Time 
(B. S. T.) 

Observer. 

2*30 

Sub-postmaster. 

2-29 

Post Commander. 

2*30 

British Consul. 

2-30 

Post Commander. 

2-32 

H. L. Chhibbor. 

2*30 

Mahiab Singh, Overseer. 

2*40 

Signaller-in-Chaigo. 

2*10 

Post Commander. 

2-00 

Post Commander. 

1-53 

Jemadar, Ration Bump. 
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TLoie are post and tcloj»rapli offices afc Laukhaunj^, Foit Ilairison, 
Foit Moiton and Hlow^a^^. A mistake in tko time appears to Love 
Leon marie at Fort Morton. The pisritike at jScnikii i© iindeistand- 
aLle in view of the absence ol any reliable time. lliexe is good 
e^ddonee lor regaiding this shock co havt o((‘n»*Kd at about 
on the mofuing ot the jblb {B. S. T.), or 1 onm ((■!. M. T.) on 
the 16th December 1929. 


V.-SHOCK OF 28TH FEBRUARY, 1930, AT 22 HOURS 47 
MINUTES 39 SECONDS (Q. M. T.)* 


The following recoicls were obtained Irom the observatoiics 
of Alipore and Colabo, the times being given in 0. M. T. The 
shock vpp not iccoideu at eitlicr DeLra Dun 


Seisniological records. 


01 KoJaikanal. 


Table XIV. 


Alipoie AJS. 


ColabaAN. 


H. 

M. 

S. 

Period. 

Distance. 

H. 

M. 

S. 

Period. 

Azaplitnde. 

Distance. 

^pi 22 

62 

21 



22 




B 

(miles). 

1,346 

• . 

, , 

, , 

, , 


23 

2 

13 



. . 

22 

54 

21 

0 

, , 

23 

4 

22 



, , 

• . 

. . 

■ • 



23 

5 

20 

0 

3 

, , 

23 

27 i 

31 I 



23 

44 

0 


•• 

. . 


1 iiee tooimote on page 362. 

The estin'ai^d opicentml distances n»aj be eompoied with those 
Di following table lAhich have been 

p ceil ances. ^^j^taiued 1a the nietLod.s explained previously : — 


Tajdlb XV. 





RnOBSiTEAL DISTANOB TS DXaKBBS. 

Station. 

S..P. 


Oolaba tables. 

1 

Visseris 

tables 

Actual. 



■1 

S..P. 


S.-P. 


Alipore . . 

Oo&ba . 

m. s. 

m. s. 

2 0 

• « 



9-9^‘ 

3 * 36 

6 42 

19-6 

22-7“ 

! iW® 

1 

24 0" 
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of 


The epicentol distances as oLtaiuecl fjojn the S-1^ in(‘tliod ditlcr 
largely fi'om those by tue L-P method, ^vhich more clobcl}^ ai^pioximalo 
to the actual distance, in &j*ite of the Jact lliat cP for Aliioie is 
indelinite. 

The velocity ol Lh(‘ long ^^^^ves, i-uiculakd liom the ddleniice 
in airival of the long waves at Alipore and CoIal)a and llu* diiUJdne 
between the resiective distcnecs oJ those si a - 
tions froni the actiud epicentre, may be 
dot(» 2 *mitted as This vclotMty is ev(*n 

slower than that of the long waves of the shewk of the ICtli Oeiober, 
1929 and very considerably lower than that of ihe long 

waves of the shock of the 19th January, 1929 (2*^l°/min.). 

Assuming, however, that this velocity is correct and that the long 
waves travelled wdth that speed from the epicentre to Ali])oic (oj 
to Colaba), the time of origin of the shock 
may bo determined as 22 hours 47 inimitofe 


Velocity 

waves. 


Time of origin. 


39 seconds (Cl. M. T.) on the 28tli February, 1930, or b hours J7 
minutes 39 seconds (B. S, T.) on the 1st Alarch, 1930. 

Observers’ rccoids in the Fiontior llcgion of lUnma appear i 
indicate that there were two shocks of consi<U‘rablc magjolude 
^ 41't about that time, there being an inl(‘i\ul 

servers rcco s. about 20 minutes boiwetm them, llu* 

following table shows such times as w^ere recorded:— 


Station. 


Etawgaw . 
Lagwibom . 

Langyaxkg . 

Kyitkyina . 

Pojalximbum 
Fort Morton 
iTPnmbum 
Mangoi 
FortHariifion 


Tim© 

(B. S. X.) 

Observer. 

r 6-20 

N. N. Nair, Sub-postmaster. 

J 6*20 

Post Coxximandor. 

1 5-40 

N. N. Nair, Sub-postmaster. 

1 6-40 

Post Commander. 

6-26 

Mahtab ISingli, Ovor&cor. 

5*45 

Pobt Commander. 

6*16 

0. Harris. 

' 5*36 

0. Harris. 

1 6*20 

F. fcj. Grose. 

/ 5*37 

F, S. Grose. 

5*06 

Post Commander. 

6*15 

N. 1). Sharma, Wub-pobtiuaster, 

5*15 

Post Commander. 

5*10 

Post Commander. 

< 5*30 

Post Commander, 

i 5*45 

' Post Commander. 
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VI.— SHOCK OP aSTH APRIL, 1930, AT 18 HOURS 33 MINUTES 
17 SECONDS (Q. M. T.). 


The following records wore received from the ohservatoiies of 
a , , , . Alipore, Dehra Dun, Colaha and Kodaikanal, 

the times being given m G. M. T. 


Table XVIL 


AB^re 

Dehra 

Dan. 

Colaba 

AN. 

£odaikanal 

AE. 


H. 

M. 

S. 

Period 

(see.). 

H. 

JSt 

S. 

H. 

M. 

S. 

Period 

{seo.). 

H, 

M. 

S. 

P • 

18 

36 

28 

5 

18 

39 

SO 

18 


3 

. . 

.. 

.. 


S . 

18 

38 

18 

7 

18 

43 

00 

18 

44 

32 

*• 

eLlS 

44 

42 

L . 

IS 

39 

42 

14 

18 

45 


18 

47 

48 

.. 

•• 

** 

• • 

M . 

18 

41 

36 

.. 

18 

46 

00 

18 

48 

16 

9 

18 

1 

52 

00 

F . 



28 

•• 

19 



20 

23 


•• 


27 

24 


The following additional information vas given: — 


Table XVIH. 


Statiozu 

AmpUtude. 

[ 

Bzstanoe. 

BSMABgS, 


Bi 

(miles). 


Alipos^ • • • « 


646 

Moderate sbooke 

DehiaDiin . 

■n 

1,300 

SUgbt shook. 

Colaba .... 

mm 

1.759 


Kodaikanal . 

60 

j 

No pzeUmiaary tremoxB. 


I 
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Tlie efttiiaated epicentral distances nmy J)c eompaied with those 
given in the following table whix’h have been 
Epicentral distances. ohtaineci b} the luethocls pie\- 


rn . 




Station. 

S..P. 

L.-P. 

EpiCJiNTaAL DThTANCB IN nrOKFE*. 

Colaba tables. 

Vissei’s 

tables 

S.-P. 

Aotnal. 

S.-P. 

1 

1 L..P. 


in. 8. 

m. s. 





Alipore . 

1 50 

3 14 

9° 

U-?" 

9-3® 

9 9° 

Dehra Dun 

3 30 

5 40 

19“ 

19 7“ 

19*2° 

18-0" 

Colaba . 

4 3*> 

7 W 

25-5“ 

23-8“ 

26 2° 

24 0“ 

Kodaikanal 

•• 

•• 

•• 

•• 

! 

35s‘t“ 


Three values of the velocity of the long waves of this shoch 
jiia 3 ’ be determined by consideration of the dijEEerences between L 
Velocity of long at (1) Colaba and Alipore=-l*87xmn.; (2) Dehxa 
Dun and Alipore=l-6°/inin.; (3) Colaba and 
Dehxa Dun=2*37mm. The value of cL given for Kodaikanal 
has not been taken into consideration, as it cannot be regarded as L 
inasmuch as it is 3 minutes 6 seconds earlier than L at Colaba, which 
is 0*7® less distant from the epicentre. It may be S. Those velo- 
cities average l*9®/min., which agrees fairly well with the velocity 
of tbe long waves of the shock of the 16th October, 1929. Howe\or, 
the Colaba-Alipore determination agrees remarkably well with the 
latter shock and it is considered best to neglect the Dehra Dun 
values. Aecoidingly, the long waves of this shock of 28th Apiil, 
1930, are regarded as having a velocity of l-87min. 

lliree vulue«« of the time of origin of this shock of the 28th Apiil, 
1030, may likewise }>e obtained by consideraiion of the jjaths fiom 
the ejucenire to each station, supposing <ho 
lon(> waves to have a nniform velncilv. Tho 


Time of origin. 
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following ore tie result'll by consideration of (1) Cokba t^ind Aliporc 
=18 tours e33 «ninutes 17 ’Seconds ; (2) Detr^: Dun and Alipore 
=18 tours 33 piinnles 32 seconds; and (3) Cola La and Deti’a 
nan=18 horns 3'> inimilcs 69 seconds. Ttcio is a lai^e discoi dance 
in thefce results as is to be expected from the d’ fit rent values of the 
\elocity utilised. It is projicsed to neglect the Dchia Dun values 
and to consider the time of origin derived from Colaba and Alipore 
as more lilcely to be correct, i,e,, 18 hours 33 ndnutes 17 seconds 
^4. M. T.). 

The B. S. T. corresponding to this time of origin is 1 hour 3 
ininutes 17 seconds on April 29th, 1930. This agrees well with the 
recoided times at which ihe shock was ex- 
perienced in the North-East Frontier Region 

of Burma : — 


Observers’ records. 


Table XX. 


Station. 

Time 
(B. S. T.) 

Observer. 

Laakhann^ 

r 1*11 

N. N. Xciir, Sub-postmaster. 

\ 1-05 

Post Commander. 

Htaw^aw . ... 

1-00 

C. C. Harris. 

Mvitkyina ..... 

1-00 

D. Wooltorton. 

Fort Hertz (Putao) 

r M5 
< 

Post Commander. 

1 1*16 1 

Assistant Superintendent. 

Obingnambum • • • • 

1-03 

Post Commander. 

Fort Morion (Sima) « 

1-00 

Snb-postmaster. 

N’Pambum 

0*33 I 

Post Commander. 

Mangoi 

1‘33 

Bo. 


It is interesting to note that another severe shock was felt in 
this region at about 13 hours 15 minutes on the same day. 


I2 
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vn<— SHOCK OF aiST SEPTEMBER, 1930 , AT 23 HOURS a 
MINUTES 33 SECONDS (Q. M. T.). 


The follomng records were received from the observatories 

SelsmoloKlcal records. 

kanal, the times being given in 6 . M. T. 


Table XXI, 


Alipore. 

AE. 

Debra 

Dun. 

Oolaba 

AN. 

Kodaikanal 

AE. 

1 



B. 

Period. 

(see.) 

H. 

M. 

8. 



8. 

Period. 

(see.) 

H. 

M. 

8. 

P . 

23 

6 

16 

5 

23 

8 


23 

9 

39 

. , 



24 

S . 

23 

7 

52 

7 

23 

11 


23 

14 

2 

.. 


14 

42 

L . 

23 

8 

27 

14 

1 23 

1 14 


23 


16 

.. 

• t 

.. 

0 • 

M 0 

23 

m. 

17 

• • 

23 

15 

00 

23 


1 ^ 

6 

23 

27 

30 

P . 

23 

>56 

j 

17 

•• 

3 

36 


1 


00 

•• 

0 

m 

18 


The times given for F for Debra Dun, Colaba and Kodaikanal 
ate for the date 22nd September, 1930. The following additional 
information was received: — 


Table XXII, 


Station. 

AmpUtude 

((*). 

Distanoo 

(miles). 

BiniABKS, 

Alipoce . 

5^9 

556 

Great shook. 

DebzaDon • 

•• 

1,300 

Do. 

Oolaba • 

12 

1,726 


KodBifcanal • 

i 

240 

i 

a a 

No pieUndnary tremors 
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The estimated epicenttal distances may be compared 'with those 

_ , ^ . given in the following table which have 

Bpicentral distances. ° ix. • i i. ..i. j j -t. j 

been obtamed by the methods described 

pre-Tiously : — 

Table XXIII. 





EnOENTBAL DISTAirOB IN DSEGBSES. 

Station. 

s..p. 

L.-P. 

Colaba tables. 

Visser’s 

tables. 

AotnaL 




S.-P. 

B| 

S.-P. 

Alipore . 

m. a. 

1 86 

i 

nu s. 

2 11 

oo 

8-0* 

8-1® 

9-»“ 

Dehra Bon 

3 20 

5 50 

17-6' 

200® 

18*1® 

18-e® 

Colaba . 

4 23 

7 37 

26*0^ 

26-3* 

25*5® 


Kodaikanal 

•• 

•• 

•• 

•• 

• . 

fi6*8* 


The time gireu as iL for Kodaikanal cannot be considered as L 
as it is 2 minutes 34 seconds less than L for Colaba which is 0-7® 
less distant from the epicentie than Kodaikanal. It may be S. 

The three values of the velocity of the long waves are as follows 
when determined by consideration of the difierences between L 
„ . . . at (!) Colaba and Alipore=l-7®/Tnin.; (2) Dehra 

eocitfo ong waves, AUpore=l’6°/min. ; and (3) Colaba 

and Dehra Dun=l*9®/min. The average velocity of the 
long waves is thus l-7°/min., which is the same as that found by 
consideration of the L records of Alipore and Colaba, and which 
agrees with those values for tl\e velocity of the long waves of the 
shook of the 16th October, 1929 ; it is very near that of the shoek 
of 28th April, 1930. 

Three values of the time of origin of this shock may likewise 
be obtained by consideration of the paths from the epicentre to 

Ti * .I..I station, supposing the long waves to have 

e • 0 gin. ^ xmifotm velocity. These are (1) Colaba and 
Alipore— 23 hours 2 minutes 33 seconds ; (2) Dehra Dun and Afipore 
=23 hours 2 minutes 0 seconds ; and (3) Colaba and Dehra Dun 
=23 hours 4 minutes 32 seconds. 'Qie Colaba-Alipore time is more 
likely to be correct, and so iiiis shock is regarded as having ocenrred 
















374 Records of the Geological Swvey oj Irdia. [ VoL. LXVI, 

at 23 houift 2 minutes 33 eecomlg T, on the 21si Septeinl)oi, 

1030. 

The n. T. conespoiidiug lo this time is 6 houis 32 mim t( > 

33 bt'comU oil the 22ncl Scjjlonujor, 1930, which agrees ueJl with tlio 

, observers’ recorded times in the following 
Obserrers* records. . , , 


Tablrj XXTV. 


Station. 

Time 
(B. S. T.) 

Observer. 

Hpituaw 

6-36 

Post Commander. 

Lankhating ..... 

r 6-35 

N. N. Nair, Sub-postmaslei. 

L 3-35 

Post Commander. 

Hangai 

(?) 6-07 

Bo. 

Shwegu (Bhamo district) 

3-30 

— 

Bhamo 

6-33 

Deputy Comxnissionoj . 


VHL— SHOCK OF 2ND DECEMBER, 1930, AT 7 HOURS 
o MINUTE 30 SECONDS (O. M. T.> 

The following rccorrU 'were i’eceived froaa the o])f>oj‘vatories 

Selsmologlclreconte. f Alipore, Dehra Dun, Colaba and Kodai- 
kanal, fclie tunes being given in 0. M. T. : •• 

Table XXV. 



Alipore 

AN. 

Colaba 

AN. 

1 

Colaba 

1 AB. 

Belira 

Bun. 

Kodaiikanal 

AB, 

1 


! H 

M 


H 


S 

1 ^ 

i M 


H 

M 

i® ' 

U 

M 

S 

P . 

7 


1 

44 

7 

6 

47 

7 

f> 

17 

7 

■ 



.. 



■ 


34 

7 

IL 

it 

7 ‘ 

11 

U 

7 

1 


*P7 

11 

30 

Id • 

B 

6 

0 

7 

11 

2U 

7 

14 


7 

1 


eL7 

17 

00 

M . 

B 

11 

2 

7 

15 

54 

/ 

20 

3 

7 

12 

00 

7 

21 

42 

F . 

8 ! 

18 

2 

8 

4.1 

00 

8 

11 

00 

7 

-52 


7 

37 

30 
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Tlie followiDg additional infoimation was received : — 
Table XXYI. 


Bisianoo 

(xnilos). 



Blaiasks* 


(jiicat shuck. 


fcjhght shock. 


Tlio records of the N-S and tho E-W rojnponenls at Colaba 
except as regards M. Once again iP for Koclailcanal cannot be 
taker as P. It may be S. 

The estimated epiccntral distances ^^hich have been obtained 


Bpicentral distances. 

talde :~ 


by the methods ex|)l8ined piexiou'-ly may }»e 
compared with those given in the following 


Table XXVIL 
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The three values of the velocity of the long waves are as follows 
when detemuned by consideration of the diilercncos between L 
at (1) Colaba and Al]poTe=l*7°/Hiin. ; 

Velocity of long (2) Dehta Dun and Ahpoic=l'7®/nun.; and (3) 
Colaba and Dehra Dun=l-87inin. This veloc 
ity (average=l'77nHn.) agrees with that found for the long waves 
of the shocks of the 16th October, 1929, and the 21 bt September, 
1930, and is near that of the shock of the 28th April, 1930 (bS®/ 
min.). 

Three values of the time of origin of the shock may likewise 
be determined by consideration of the paths from the epicentre 
•w t d I station, supposing the long waves 

« 0 0 g n. ^ ^ unifoim velocity. These are (1) 

Colaba and Alipore=7 hours 0 minute 16 seconds ; (2) Dehrn Dun 
and Alipore=7 hours 0 minute 23 seconds ; and (3) Colaba and Dohia 
Dun=7 hours 0 minute 62 seconds. The mean of these thiee times 
is 7 hours 0 minute 30 seconds (G. M. T.) on the 2nd December, 
1930. 

The B. S. T. corresponding to this time is 13 hours 30 minutes 
30 seconds on the 2nd December, 1930, which agues well with 

„ , . the times recorded by obseivers in the 

Observeis' records. . . , . ^ '' 

epicenti'al tract:— 


Table XXVIll. 



Timo 

(B^aT.) 


Htawgav 




Tift.TiTrkBJi'ng f 






Sul)-postmastor. 
Post CommoBdeir. 


Ko N. Kair, Snb^postmaster. 
Post Comittaxider. 
Snb-postmaster. 
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IX.— THE LONG WAVES. 

The foregoing results may conveniently be 
^Summary of ftnrlons i[jQ tabular form as follows : — 


Table XXEK. 


Time ef shook (G. H. T.}. 

Velooily of lotig 
waves in degrees 
per minute. 

H. M. B. 

Day. 

Month. 

Year. 

L 

n. 

m. 

ll 22 55 

19 

Jannaiy 

1929 

2-4® 


.. 

20 26 33 

16 

October 

1929 

1.70 

1.70 

1 - 8 ® 


15 

December 

1929 

.. 


.. 

22 47 39 

28 

February 

1930 

1-5^ 

- 

• • 

IS 33 17 

28 

April . 

1930 

1 - 8 ® 

1 * 6 ° 


23 2 33 

21 

September 

1930 

1.70 

1 - 6 “ 

1-9° 

7 0 30 

2 

December 

1930 

1.70 

1.70 

1 - 8 ® 


The velocity given in column I is derived from consideration of 
the difierence between L at Colaba and Alipore; tnat in II from 
Debra Dun and Abpore; and that in HI from Colaba and Dehra 
Dun. It is considered that I is the most reliable, and the velocities 
in columns IT and III for the shocks of the 28th April and 21st 
September, 1930, have been discarded in favour of that in column 1 
for these shocks in the determination of the time of origin. 

The following table shows the time in minutes and seconds which 
the F, S and L waves would take to travel to the respective obseTvat> 
ories, assuming the times of origin given before 
finm”Srmfr f ^ in Table XXIX to be correct. It will be 
remembered that in all oases, these were obtained 
from a study of the long waves. 
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'S 
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°iS 

S'S-l 

<i> 
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fH 
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•- a 
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.0 o i 
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s 

fS ^ 
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The values /or L giveo in Table XXX 
atio™o?L!** have been plotted against cpiceutral distance 

in FigiiK 2. 



OtaPKuo 0*/! c 

lUG. 2.— Tiiius tJs.enl)> the ioug Lo lidvdiiumtheepkeutietoiebpcctivo obseiv- 
dioiies (L), plotted agoin&t opi/ ential distances m degrees of arc. 


It would appeal- that the long waves of tlie earthquakes originat- 
ing in the Lagwi jass geneially have a velooily of propagation in 
the ncighbomhood of 1-7 dc^-ees per minute. 

coiresponds to a velocity of leas than 3'2 
kilometres per second or about 2 miles per 
second. On the other hand, the long waves of the shock of the 19th 
January, 1929, had the very high velocity of 2*4 degrees per minute 
and the long waves of the ^oek of the 28th February, 1980, had the 
very low velodty of 1*5 degrees per minute. It is suspected that the 
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Tsciation in the depth of the focus of these shocks below the epi- 
centxal tract was sufficient to cause these difierences in the rate of 
propagation of the long wares. Possibly the shallower the focus, 
the less is the vdodty of the lung waves, and vice versa. 


It is interesting to compare these results with those obtained 
by the author in the case of tlie earthquake of the 1st February, 

North-West Hteia- ^ Noith-West Himalayas.^ The 

layan earthtpiake of Ist long waves of that shock had the high velocity 
February, 1929. ^.0 ]oiometies pet second, which is equiv- 

alent to about 2-86 miles per second, or a little less than 2-5 degrees 
per minute. This agrees very well with the velocity of the long waves 
of the shock of the 19th January, 1929, but is generally higher than 
the velocities of the long waves of the other shocks in the North- 
East Frontier Region of Burma. 

In his note concerning the long distance wave speeds of the 
Pegu (Buima) earthquake of May 6th, 1930, Mr. Leicester obtains 
a velocity of 2-65 miles per second® which is 
Sfh1^y,1936.'”'** *** intermediate between the usual velocity of 2-4 
miles per second and those of the Aocks of 
Ist February, 1929, in the North-West Himalayas, and the 19th 
January, 1929, in the North-East Frontier Region of Burma. 


In his interesting work on the distribution of earthquakes in 
the Butch East Indies, Visser® notes that the majority of observa- 

tTsser’sresuHs. ^^® waves places 

their velocity between 2-0 and 2-1 degrees 

per minute. He also notes that the average speed of 991 observations 
of the long waves across the Pacific is 2-039“/niin. ±0-107, or 3-78 
kilometres pet second, which agreed with the mean of 2-057min. 
found formerly for earthquakes in the Malay Archipelago. He also 
obtained the mean speed of waves along the Eurasiatic Continent as 
2*0147niin. ±0-116, or 3-72 kilometreB per second. These velocities 
are eonsidetably higher than the usual l-77niin. found for shooks 
originating in the North-East Frontier Region of Burma. 

^9-289, (l#a0)! 0J>. e«.,LXIll. 

\X<70U/« 

* ^.^oestef, cp. ««., LXV, p. 280, (1932). 

* i, W. Tlaw, Km. Mag. JUef. Obsen. JBatavia, 28, pp. 4448, (1930). 
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X.— THE PRELIMINARY AND SECONDARY TREMORS. 

In Figure 3, the values of P ^ven in Table 
araphical repfeaeu- have been plotted against epicentcal dis- 

tation of P and S de- tano© ; whilst in Figure 4, the values of S given in 
rived from L. likewise been plotted against 

epioentral distance. 






p ^ 





, MINUTES OF TIME 
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It must be remembered that these times have been calculated 
from a study of the long waves, resulting in a aero time which has 
been adopted in this paper. It is informative to compare these 
graphs with others which are independent of the records. 

In Table XXXI below, the time intervals, 
Table of S-P. S-P, for the various earthquakes have been 

summarised : — 


TABIiE XXXI. 


Shock. 

Alipore 

S-P, 

Colaba 

S-P. 

Dehra Dun 
S-P. 

Kodaikanal 

S-P. 



m. s. 

lU. s. 

m, s. 


19th January, 1929 


1 40 

4 40 

• • 


IGth October, 1929 


2 13 

4 31 

3 40 


2Sth February, 1930 


•- 

3 35 

• • 


2Sth April, 1930 . 


1 50 

4 29 

3 30 


21st September, 1930 


1 36 

4 23 

3 20 

4 18 

2nd December, 1930 

• 

1 50 

4 27 

3 40 

1 


Oraphlcal represent- 
ation of S-P, 


These intervals of S-P have been plotted 
against epicentral distance in Figure 6 below* 
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These results would appear to show extraordiuarily goorl agree- 
ment but it must be remembered that s»iob agreement does not 
necessarily mean that the times taken for the P and S waves to reach 
any particular observatory from our epicentre are constant. This is 
far from being the case, as will be seen from tlic following. 

In Table X XXI I, the time intervals between the recorded 
P for the same shock at each pair of observatories have been tabulated 

Table of P-P and S-S. differences 

between S at each pair of observatories. 

In Kgui < G, the time intervals, P-P, hare been plotted against 
the differences in degrees of arc between the respective distances 
of the observatories from the epicentre ; whilst 
afiofl^of ]S> and^S-ir** ^ values of S-S given in Table 

XXXTT have been plotted similarly. 



EXPLANATION OF SIGNS 

«)19129 A16t023 Q28230 028 4.30 *21930 -r2'1230 

Fill, G.--Bifieronees of time between the arrival of the prehminaiy tremors of the same 
^hoiik at each of a pair of observatories (P-P), plotted against the differences in 
degrees of are between the respeetive distances of the observatonea from the 
epicentie. 
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2nd2Deoember, 1930 
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EXPLANATION OF SIGNS 

0191229 A 16 10 29 028 2^30 0284 30 -219 30 -r2 12 30 

Fig. 7. — Diffeiences of time between the anival of the secondaxy tiemors of the same 
shock at each of a pair of observatories (S-S)» plotted against the difterences in degrees 
of arc between the respective distances of the observatories &om the epicentre. 


It would appear from Figures 5, 6 and 7 that whilst the interval, 
S-P, for any particular obseiwatory was remarkably constant for the 
whole series of shocks experienced in the North- 
one us on. Frontier Eegion of Burma during 1929 

and 1930, yet the velocities of P and of S varied greatly in individual 
shocks of the series. In other words, whilst the velocity of the pre- 
liminaiy tremors of difierent shocks varied, the velocity of the 
secondary tremors of the same shock varied sympathetically with that 
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of the fotmer tremorft. TluivS it the poiutR in Fii^ are 7 for the shocks ('f 
eilher 28th April, 1930, oi 21 si Bepiemher, 1930, he joined, the resuh 
ant curves are very similar to those obtained, by joining the 
])oints for the vsame shock in Figure 6. 

Finally, it would appear that if depth of focus has been responsible 
ior the variations in the rate of propagation of the preliminary and 
secondary tremors, as was suggesieil for the long waves, tlnm these 
tiemors vary far moio than do I he long waves under similar eliangt^s 
of depth of focus. 


XI.-SUMMARY. 

The seismological records of eight sliocks which occurred in the 
fToruh-Bast Frontier Region of Burma <lui‘ing 1929 and 1930 have 
been examined, Th(' records of one of tliese were rejected as pro- 
bably being those of a shock whicli ocH*urrt‘d elsewliere <it about the 
same time. 

The exact times of origin of six shocks Ivavo boon determined by a 
study of the time intervals between the arrival of the long waves ai. 
different observatories and by assuming that the velocity of the long 
waves thus obtained was maintained uniformly from the epicentre 
to the recording observatories. 

The usual velocity of the long waves of the shocks under exatmnat- 
ion was about 1*7 degrees per minute,- which corresponds to a veloc- 
ity of less than 3-2 kilometres per second or about 2 miles per second. 
This is considerably less than the usual velocity of the long waves of 
2*0-2‘l degrees per minute given by Visser. The long waves of one 
shock, however, had the very h^h velocity of 2*4 degrees per minute, 
and those of another shock possessed the very low velocity of 1-5 
degrees per minute. Depth of focus has been suggested as a cause of 
those varyiug velocities. 

It was found that whilst the interval between the arrival of the 
preBminary and the secondary tremors of any shock at any particular 
observatory was approximately constant, yet the velocities of both 
of those tremors varied greatly m different shocks. 
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The records of the observatories of Aliporo, Debra Dun and 
Colaba for the six shocks have been summarised in Table XXXIII 
below ; — 

Table XXXIII. 


EpIOBMTBVL DlisTANCB IN DEaBEUa 


Table. 

Ofaserratory. 

S.P. 

L-P. 

Prom Colaba 

1 tables. 

Viascr. 

Actual. 







SP. 

L-P. 

S-P. 


V 

Alipore . 

m. 

1 

B. 

40 

m 

3 

s. 

14 


11*7 

8*4 

9*9 

TX 

Do. 

2 

13 

a 

11 


11*7 

11*6 

9*1 

XV 

Do. . 

. 

. 

2 

0 

• • 

7*3 

• • 

9*9 

XIX 


1 

50 

3 

14 

9-0 

XI-7 

9*3 

9*0 

XXIII 

Do. 

1 

30 

2 

11 

8-0 

8*0 

8*1 

9*9 

XXVII 

Do. 

1 

50 

2 

22 

9-0 

8*8 

8*1 

9*9 

I' 

Debra Dun 

. 


• 


•• 

*• 

•* 

18*6 

IX 

Do. 

8 

40 

0 

m 

19-8 

21*3 

20*3 

18-G 

X\ 

Do. 

. 

. 

. 


.. 

•• 

• • 

18*0 

XIX 

Do. 

2 

80 

5 

40 

19-0 

19*7 

li)’2 

18*0 

XXIll 

Do. 

3 

20 

5 

60 


20-0 

18*1 

180 

XX\ 11 

Do. 

8 

40 

C 

20 


21*7 

20*3 

18*0 


Colaba . 

4 

40 

S 

m 

2(i-0 

27*0 

28*0 

24*6 

IX 

Do. 

4 

31 

7 

49 

25*6 

26*0 

20*6 

24*6 

XV 

Do. 

3 

86 

5 

42 

19*6 

22*7 

19*8 

24*6 

XJX 

Do. , 

4 

29 

7 

46 

26*5 

26*8 

26*2 

24*6 

xxm 

Do. , 

4 

23 

7 

37 

26*0 

26*3 

26*5 

24*6 

XXTIl 

Do. 

! 4 

27 

7 

42 

25*3 

26*7 

260 

24*6 


The records taken from Tables V and XV ore of abnormal shocks 
(19th January, 1929, and 28th February, 1930), whilst 'those from 
Tables IX, XIX, XXIII and XVII are of more or less normal shocks 
(16th October, 1929 ; 28th April, 1930 ; 21st September, 1930 ; 
and 2nd Pecember, 1930). 

K 2 
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Note on a Glacier in the Arwa Valley, British 
Garhwal. By L. B. Gilbert, B Sc. (London), 
Executive Engineer, Kumaon Pfovincial Division 
AND J. B. Auden, M A. (Cantab.), Assistant Snperiii 
tendmt. Geological Survey of India. (With Plates 
II) to 2l). 
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I— INTRODUCTION. 

After Mr. F. S. Sm 3 ’tlie and his parly had climbed Mount Kamet 
in June 1931, they turned their attention to the area wcbt of Kamet, 
and ascended the Anva valley in order to explore the peaks forir- 
ing the boundary between British and Teliii Garhwal. Jn the 
hondon ‘Times’ of September ‘24th, 1931, ilr. Knytho published 
an article entitled ‘The Conquest of Kamet’ from which the fol^ 
lowing is an extract:-- 

^ As in Northern Sikkim, theie are traces in Gaahwal oi a former glacial age 
when glaciers extended far down the lower vaheys. Himalayan glacieib 
are for the most pait letreating, ]»ut some are advancing in Noithern 
OarbwaL One glacier debouching into the Aiwa valley has advaxiGod 
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so far that the valley is in danger of being choked by it. Were it to 
advance 200 or 300 yards farther the valley stream would be dammed, 
and as the valley is hat for several miles a large lake would be formed. 
The bursting oi the dam would be disastrous to Badrinath, and other 
villages in the Alakhnanda valley, and might even result in serious hoods 
far down on the plains. This glacier should be watched.’ 

This paragraph attracted the attention of the officers of the 
Public Works Department in the United Provinces, on account of 
the possible danger involved, by a hood, both to the pilgrims who 
visit Badriuath, to the various bridges and buildings situated along 
the pilgrim route, and, in addition, to the head-works of the Upper 
Ganges canal at Hardwar, The memory of the 10,000 million 
cubic feet of vvater which swept down the Alaknanda consequent 
on the collapse of the landslip dam at Gohna, in 1891, has caused 
the Government engineers the more certainly to take cognisance of 
information concerning actual or potential river blockages. 

Consequently, at the suggestion of the first writer, a joint in- 
spection of the Arwa valley was made by the authors in June, 1932. 

Just prior to their visit, Captain Birnie, a member of the Kamet 
Expedition, published an account of the Arwa glaciers in the Hima- 
layan Journal.^ Attached to this account was a map on the scale 
of lialf an inch to one mile of the glaciers and peaks at the upper 
or western end of the Arwa valley. Captain Birnie made no men- 
tion of any potential blockage in the Arwa valley, nor did it appear 
from his map that an}’' of the glaciers marked therein would be like- 
ly in the near future to cause trouble. The authors, thorefoi’c, 
expected to find the glacier mentioned by llr. timythc lower down 
the Arwa river in the area to the east of that included in Captain 
Bimie’s map. This proved to be so, and was confirmed on the 
return of the second author to Calcutta, after an absence of six 
months, when access could be had to the Geographical Journal, 
Volume EjXXIX (1932). On page 6, Mr. Smythe gives a detailed 
description of this glacier. 

The lower part of the Arwa river flows from west to east, join- 
ing the Saraswati river near Ghastoli, at Lat. 30® 52' 30" : Long. 

Situation about 10 miles from Badrinath. The 

area is covered by Survey of India degree 
sheet No. 53N. The glacier in question occurs about two miles up 
the Arwa river from its confluence with the Saraswati, and flows 

1 Hinfudayan JofurncA, VoL IV, pp. 35-45, (1932), 
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from iho south. Tho horomotric height of the valley boKom at 
the easierii side of the glaoifr an as 13,720 feet. 



— ' 1 I 

SCALE Miles 

iiQ, 1, tiheich 2Iap oj th^ Ant a glaciers* 


( Glaciers Nop. 1 to 8 ore taken from Ihe map in G^onr, Journ^* Vol LNXIX t> 7 
Ibw diflew considerably fiom that pnbl4ed in 'nimaZan JonS Vd 


The authors left llanikhet by the j>ilgrun route, eia Dwarahat 
and llarnaprayag, and reached the glacier on 15th June. Sporatlic 
rmn and low cloud hampered their examination, which was oom- 

camp to height 
®PC°t at the base camp of 
16,300 feet, established by the Kamet Expedition in 1931, about 
lU m^s up from Ghasioi;. The authors wish to record their 
cordial appreciation of the help given by Pandit B. D, Nautiyal, 
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1I.--OENERAL DESCRIPTION OF VALLEYS. 

Tile signs of possible forncier glacial action below Badriiiatli arc 
not very definite. At milestone, 172 miles 6 furlongs^ tlie granulit<‘b 

are polisbed, but show no si rise, and remnants 

Below Badrinath. that the poUsliing was 

probably due to river action at a time when the river had not erod- 
ed to its present level. 

The rock surfaces at mile 175 furlongs 6 are more typical oi 
glacial action, showing the jacsencc of downward-diiected strim. 
Nevertheless, the shape of the valley here, even allowing foi* latei 
modification by river eiosion, is not at aU typical of glacial action. 
The overlapping spurs in the valley between these two cistance 
marks are definitely a feature characteristic of livev rather than ol 
glacial action. 

Numerous dip-slope siu’faces of the bedded quartz-biotite gjan- 
ulitcs give deceptive impressions of jjolishing. These aie, how- 
ever, generally ijlane and not curved suilaces and are seldom paialkl 
to the sides of the valley. 

Looking up the Alaknanda river Ironi the P. W . 1). bungalow 
at Badrinath (Plate 15), there is seen an esc'ellcuit T/-shaptd 

^ valIe-\', without overlapping spuis, and ol 

Abo^e Badrinath. I 1 mi 

Simple outline. Ihis was at lu-si taken with- 
out hesitation to be ot glacial origin. 8ubsequciitly, it was seen 
that to some extent the P-sLape was due to the inclination ol fcloj.es 
ol iiiliis coming down liom the valley sld<.^^. Ihe simplicity oi the 
valley coiu'se. the width oi the taller, and iLo old moiaine-lilc 
hnmmocks upon which the bungalow^ rc&ls, are, however, strong 
indications that a glacier foimerly descended the Alaknanda at leafct 
as far as Badrinath, depositing a terminal moiaine there. It is 
very piobable that the original valley was U-fchajed, but that it 
has been later modified by talus to give a secondary V within the 
primary one. Above the Mana falls, and south of Ilufcapani, aic 
seen old lateral moraines on the w^est side of tl.e Saia&wati ii\er, 
which have been subsequently slightly dissected by occasional 
streams flowing from the w^e&tern slopes. North of Mnsapani, and 
also on the west side of the Saraswati, there are small hanging 
glaciers w'hose snouts lie some 2,<K.iO feet above the main valley 
bottom. These send down little moraine. Old moraine below 


Abo^c Badrinath. 


^ Miles zneasnred along ibo jnlgrixii track irom Hardaar. BadrsnaUi is at mile 
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these glaciers, belonging to the now vanished Saraswati glacier, 
has been partially covered up by recjcnt talus. 

It should be emphasised that there is little purity in the type of 
rock detritus in any of the valleys visited. Moraine matter inter- 
digitates with talus, while the present river has deposited gravels, 
with water-rounded boulders, and bedded mieaceous silts. The 
river has often cut into its own deposits, leaving small river- erosion 
forms within the larger enclosing glacial valley. 

Water-rounding of boidders, particularly of biotit e-gneiss and 
tourmaline-granite, is marked, even to within two miles below 
the debouching of the rivers from the glaciers. Associated with 
these gravels is angular debris from talus fans and from jaoraines. 

On turning from the Saraswati into the east-west Arwa valley 
there is seen, on the south side, a series of remarkably steep hang- 
Arwa valley glaciers. No glaciers are seen on the 

north side, the only noticeable feature being 
talus fans fed from galleys in the highly jointed granite. Similar 
talus fans occur on the south side, alternating and interdigitatiug 
with moraines from the hanging glaciers. 

Six glaciers occur on the south flank of the valley along its east- 
west stretch, east of the portion included in Captain Birnic’s map. 
These are given in Roman numerals so as not 1)0 confused witl) 
those figured by Captain Birnie. 

Counting from the east, the snout of No. I glacuer lies IdgL up 
within its hanging valley. That of No. 11 has descended slightly, 
but is still about 1,000 feet above the main valley bottom, without 
any appreciable moraine fan, and need not be further considered. 
No. Ill is the glacier with which this report is directly concerned, 
and will be described in detail in a later section. Seen from the 
east, at river level (Plate 1C), the moraine of this glacier blocks 
any view of the upstream side of the main valley, having crossed 
the whole width of the valley except for 778 feet. The snouts of 
numbers IV and V are high, not having forsaken their lateral 
hanging valleys. The base of the moraine of No. VI occurs at 
height 16,000 ft., about miles east of the snout of combined 
glaciers, 1, 2 and 3 in Captain Bimio’s map, and calls for more 
comment. Its moraine, like that of No. Ill, has spread right 
across the main valley, except for a few hundred feet, and is, 
indeed, more formidable in appearance than No. Ill moraine. 
This moraine, besides being so close to the north side of the valley^ 
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has spread out eastwards dowa the ^main valley. On ascending, 
however, to its hummocky ])latoau surface, no trace of a glacier 
could be seen. No sign of ice was visible, except high up in the 
hanging valley, where it takes a bend to the south-\/est. The 
practical absence of falling stones, to be expected from the melting 
of stone-studded ice, had it been present,^ and the absence of 
cracking, usual in ice which is adjusting itself to movement, lead 
to the supposition that the moraine of No. YI glacier is at present 
dead, having been forsaken by the retreating ice. The moraine of 
this glacier is little covered by shrub, grass or lichen, whicli imy 
be explained partly by the altitude being unfavourable to plant 
grovth, partly perhaps by supposing the retreat of the ice to have 
been recent. Mr. Smythe {ibid.y p. 6) notes ‘ three glaciers of 
considerable size debouching into the valley from the south.’ In 
1932 these glaciers, clearly Nos. IV, V and VI, were not actually 
debouching into the valley. 

On coming to the area included in Captain Bimie’s map, the 
snout of the combined glaciers 1, 2 and 3 was found veil to the 
south of the river fed by the higher glaciers, as indicated on the 
map. The snout of glacier 4 ends in an ice cave opening out into 
a small lake a few hundred yards from the river which flows from 
glaciers 5, 6, 7 and 8. and is only about half a jnile fi*oni the opposite 
E. N. E. hillside. (>n the map, it is shown as over two miles disinnt 
from this hillside. Tliis was ]iro})a]dy a mistake, llu' amount of 
moiiiiuic mailer at the lime doubtless having oljs<‘ured the snout. 
This glacier has a relatively low gradient, and it is unlikol}^ that 
its advance would be rapid. The existence of the very character- 
istic tan-brovn lateral moraine dropjied from its north flank*, 
some distance in advance of the present snout, rather suggests a 
retreat. This is, of course, no proof that the glacier may not at 
the moment be advancing. Even should advance be rapid, Ihe 
gradient of the N. N. W. — S. S. E. valley, into which it would en- 
croach, is sufficiently steep for any lake formed to be of lu^ghgible 
dimensions. 

The remaining glaciers do not concern this report. It may 
perhaps be remarked that from a position at 17,300 feet, north-east 

1 Yeocy oooasionally stones did fall, bnt tlie moraine, in its upper part, is made up 
of stones so preoarionsly tumbled together that such rare falling may be oonsideied to 
be mthont signifioance as an indicaSon of ioe. 

*The rook is a fermginons mioaceons shale ; sometimes slate or phySite. 
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of the lC,3iK) foot base camp, glaciei 5 was seen to be accurately 
represented on the map, 6 was recogiiise<l, but 8 scenis to lequiic 
some correction. 


Secular Chauges. 

It (‘an be assorietl with coiiskleiable conlidcnce that a glacier 
oiigiiially clesc(^nd<'(l the Saraswati and Alahuanda valleys as lai 
as Badrinath. Oonsoqiiently, the retivai of the ice has been gieat 
smcc the period of maximum glaciation. 

Little can be said about the recent advance and letreat oi tlie 
local glaciers in the Arwa valley. The valley is uninhabited, and 
only the lowest part is used by BLotiyas as a gruTiiug giound Joi 
sheep and goats. No information coukl bt‘ elicited from the Maiia 
Bhotiyas concerning the liehaviour of the glaciois. No. Ill has 
sometime advanced, and is still active. No. VI, of exactly similar 
type to No. HI, has retreated. No. IV has in no distant past 
retreated. The collective evidence is therefore contradictoi j . 
Vc(*ujate measurements of a large number at glaciers over a con- 
siderable period are required b'doie any <*oiiMs(eney in advanc( 
«ind retreat can bo detected.'^ 

UI.-QLACIER NO, UI, ARWA VALLEY. 

I. Form. 

As previously stated, glacier No. Ill occurs about two miles 
up the Arwa valley from its confluence with the Raraswati. It is 
fed by two very steep, hanging glaciers, which join in a cirque 
some distance above the conspicuous ice-fall in the constriction 
at the base of the hanging valley (Plate 18). What may perhaps 
be called the ‘ normal " extent of tins glacier w^as doubtless similar 
to that of Nos. I, 11, IV and V, the snout occuiring at the con- 
striction, and drojiping a moraine in fan form at ifs base, into the 
min valley. At the pj'cscnt time, however, the snout has advanc- 
ed over its moraine so as to rest only 778 feet from the opposite 
side of the valley at ils level (Plato No. 16). The lover part of 
the glacier, which protrudes beyond the constriction, is inclined 
northwards at about The ice ol this lower advanced portion 

^ Sudi oonsistenoy may be found by a study of the ‘ Kapport pour 1014-28 ’ of tbe 
Conuiiis^kmXJ. O. O. L des Glaolm. 
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is so ciiarged wiila boulders and dirt, and is so effectively coveied 
by moraine matter, that, when first seen from the east, at valley 
bottom, it was momentarily mistaken for fine-grained laminated 
sediment interbedded with boidder moraine. The true conditions 
are best realised from viow-j)oints on the northern slo]>os of the 
valley, such as 1)1 or 1)2, from which radial crevasses and blue ice 
at the snout are at once evident (Plates 18, 19). 

Two featiu'es may be stressed : — 

(a) The ice docs not rest on the main valley floor, but on 
moraine which has been liberated in advance, by tip- 
heap deposition of boulders, both en-glacial and supra- 
cckcial, from the melting of the snout and sides. The 
base of the ice is not discernible but, of the 450 feet 
combiTied thickness of ice and underlying moi*ame near 
the snout, 160 feet may be taken as a fair estimate for 
the ice, and 300 feet for the moraine. 

(ft) The ice does not, as might have been expected, expand 
laterally after leaving the constriction, but occuis as 
a tongue, with roughly parallel sides, and of about the 
same widlli as that of the constriction. In this it 
(lifEeis Troui the ice w'hich nnist recently have cohered 
the moraine of glacier No. VI. 


2. Question of recent advance. 

The Survey of India Degree Sheet No. 53N shows, erroneously, 
a main longitudinal glacier in the Anva \ alley terminating three 
»niles up from Olin'^toli. ?lr. Smythe (he. cif.^ p, 0) suggests that 
the surveyors, looking probably from the east, took glacier No. 
Ill to be the snout of a longitudinal glacier in the anain Arwa valley. 
From this it might be concluded that the oiiginal advance of 
glacier No. Ill occurred before 1861, the date of the commencement 
of the survey. Since all tlie side valleys, both to east and west 
of the Saravswati (Sarsnti) are shown with longitudinal glaciers similar 
to that in the Arwa valley, it is possible that this explanation 
does not hold. It is more probable that the siurveyors adopted a 
uniform technit]uc for representing \ alleys which they Lad orders 
not to spend time in visiting ; (Dr. Loi^staff, ibid., p. 14). 

The present condition of the moraine does no more than assign 
a certain, but not great age, to the original advance beyond the 
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constrictioa. It is paiLly covered witli lielicn, j»iufc>b, and sliriib. 
No rates of growth are known for the pJ<mih coiv*oTnocl, hO tliat it 
is ijnpossible to give a tjuantiiaijNC estinnat*. Tlie grass, and 
even the shrubs, may be annuals. Licln'ii^, oii tJie ollicr hand, 
usually grow slowly. Of moio value is Oie deiisil)^ ol growth. 
Only the lateral moraine, on tlie left or west si(l(^ ol tin. advanced 
tongue of ice, is closely covered and givxs any inipieesion ot age. 
The greater part of the rest oJ iJie juoraiin* s])aise]y covered. 

Over this latter moraino the ice has <lro|>pod bouUlerb of }K‘ifoctly 
fresh touL’jnaliuc granite^, completely fre(‘ from plant gro\\i‘h. 
These may be seen in Plate 17 as three pale-coloured tojigues des- 
cending from the ice. Recent advance of the ice is therefore sug- 
gested.* The rtioraine immediately at the snout appeal’s to be 
slightly older than that just at tJie sides, wliich indicates that this 
year there may have been a bligJil latoal extension of ice near the 
snout rather than definite longitudinal advanc<'. It cannot he 
inferred from this that there is no further da tigei* of longitudinal 
advance. Such signs must mean liillo more than the capricious 
behaviour of the glacier in tJio year of obhcrvation. U'lie part of 
the ice which happened to flow to the snout may, indeed, have been 
relatively poorly charged wit.h bouUlers. 

No delSlnite indication of advance or retreat is given by the angle 
of the ice front. This angle varies from 40® to 70® in different parts 
of the snout. Molting is strong in June. Advaiuic could only bo 
proved if the angle of slope during such a time were vortical. The 
lack of veiticality, on the other hand, does not necessarily indicate 
retreat, since such a condition may obtain in a glacier which is 
advancing slowly but at the same time is subject to rapid melting, 

3. Modes of future advance. 

Two modes of advance may be considered. The first, in W'hicli 
advance is gradual; the second, in which it is sudden ami rapid. 
In considering the first mode of advance it is assumed that tlie Arwa 
river, when at its greatest volume, would bo capable of dealing 
with the greater part of the moraine matter which 'would be tumbled 
into it. Large boulders might remain scattered in the bed of the 

^ These granitoa weather very rapidly. The perfect whiteness of a freshly split 
surface will tarnish within a few months. 

* The dajI'-oooUe of the Kamet expedition reported a slight retreat of the ice, but his 
erideooe snay be discounted, since the amount of retreat he figured would not have 
been senrfblQ to any one except by instromentai observation or caim sighting. 
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stream, as some do at ilie present time, l)ut the smaller bouldeis 
would be swept away. Thereby any chance of the micaceous silt, 
held by the river, being retained by the smaller boulders and pebbles 
would be prevented. The ice rests on a considerable thickness of 
moraine, and it is possible to imagine that, in the event of slov 
advance, in proportion as the river swept the greater part of the 
toppling moraine away, so would the overlying ice, if at all over- 
hanging, drop as blocks by splitting along crevasse joints. Ad- 
vance of ice would, it is true, be expected to be most rapid in the 
early months of the year, when the river is not at its greatest 
volume. Neverthless, such advance is, by the first supposition, 
slow. Wliatever slight moraine blockages might occur dining the 
spring along the south side of the river w’ould probably be for the 
most part removed when the river increased in size and carrying 
power during the period of moiling snows. 

The second assumption is that of sudden and rapid advance of 
ice across tne valley. 

It is seen from the description that glacier No. Ill, although 
gently inclined in its lowest reach, is fed by very steep ice (Plate 
18) at a relatively short distance behind the lowest ice-fall. With- 
out wishing to stress the comparison with Kashmir glaciers, it 
may l)c considered iLft tie Aiwa ghuder is of transverse rather 
than of longitiidmrl out thciefurc in \^hich a sudden and 

rapid advance may be exj^ected. Tlie Hassanabad glacier in the 
llunza distiict and the Yengutsa gla<‘ior in the Nagir district of 
Kashmu- ai'e typical transverse glaciers and both are rapid mo\ers; 
Hayden® reports the almost incredible distance of six miles in a 
smgle year for the advance of the Ilassanabad glacier. Glacier 
No. Ill, Arwa valley, is, it is true, of very inferior dimensions 
compared to that at Uassanabad. Nevertheless, even allowing for 
the difference in scale, it is very probable that the inclination of 
its feeder glaciers and their closeness to the snout, would permit 
rapid advance in this Arwa glacier. The short distance of 778 
feet which now separates the snout from the opposite side of the 
Arwa valley could be coxcrod in a M*nalc season, w’hen the river was 
at its low Cat. If this were so, ihe river would at first percolate 
Ihroiigh the moraine which had been lumigld s(» »«-uddenly across ils 

1 Jfee. OeoL 8un\ hid,, SXXV, wp. 125, 136, (1907). 

^ Ihid.^ p, 135; Mason, op. <•**/., LXIIl, p, 284, (1930), ancstions the eitreme rapi- 
dity of this advance, but accepts that in a singie year it may have been as Jtnuoh as one 
mile. Even this ib lemarkable. 
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course. Subsequently, however, as ilie i]ver inci eased in voliune 
and silt content with the melhng of tLe sno^\s, theie would be 
progressive retention of silt by the moraine, and decreased per- 
colation. A lake would form under these comlition*. 

It is impossilde to state which of these altcinati'vcs is the more 
likely. 

4« Magnitude of possible flood. 

The largest flood would be piodueed l>y tlie glacier moving 
rapidly across the gap in the valley. It would, as indicated in 
Plate 21, form a dam some iOO feel high, but its width would not 
bo great and the materials forming the dam would not be compacted 
as when a large landslip occurs. Buch a dam would probably 
burst under the weight of water accumulated behind it and, assum- 
ing the worst that could happen, the water would ju&t then Jbe com- 
ing over the top of the dam. 

The length of the lake wliich would be formed in tliese cir- 
cumstances was determined b}*' measuiing the distance up the valley 
t/O a point w]u<‘b, as (dosoly as could be determined by an Abney 
level, was at the height of the probable top of the dani. The 
width of the lake, l»oth at river level and at full lake level, was 
determined roughly by means of a theodolite. The figmos aie;-- 

Leogth of la^ • 7,900 feet. 

Width at ftill lake levd ....... 1,060 feet. 

Width at river level 745 feet. 

The valley above the site of the glacier is comparatively flat 
for about a mile— actual observation showing a rise of 210 feet pei 
mile. Prom that point, it rises twice as steeply so that the volume 
of water that would be impounded maj" ])e calculated : — 

Volume ^ (400+190) H (2600x190)) 

X 1060+746 
2 

— 1634, 881, 500 cubic feet, 
say 1 ,640 million cubic feet. 



Fia 2,’^LorigUudiiuil eedton up Aiwa mUey. 
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When bhe Gohna dam waa topped 10,000 million c.tt. of water 
were liberated in 4^ hours, the upper 38<) feet of the dam being 
V 7 ashed away during the proccaa. But the Gohiia lake was d miles 
long against a length of 14 miles for the possible lake in the Aiwa 
valley, and it is probable that the Arwa dam will fail under water 
pressure rather than be toi>ped and scoured out. The Arwa lake 
would, therefore, be emptied in a much shorter time than ih 
hours, and that time might be iixed at 2^ hours. This means a 
discharge of about *200,IKM; cusecs. in the Arwa valley as against a 
discharge of 617, 28d cusecs. from the Gohna lake. That is to 
say, the flood from the Arwa lake ’would have about one third the 
magnitude of that from the Crohna lake. 

On page 16 of the prbited repoit on the Oohna flood ^ are record- 
ed the heights to which the river rose at different places in the 
Alaknanda valley. The possible Arwa lake vrould be fifty miles 
further away from thoae points and the heights to w'hich the water 
would rise instead of being one third might be taken as one fourth 
the heights recorded for the Oohna flood, as indicated in the follow- 
ing table. If the water were to rise to these levels no damage would 
be done between Chatnoli and Hardwar except that the sus])ension 
bridge at Kurnapravac, sroidd be washed a^sily and ^mall sections 
of the pilgrim route neai Ohamoli, Kuiiiapiayag an<l Rudiaprayag 
would )*e damaged. 


1 

! 

Nan e of place. ' 

. . .. .. . 1 

Height (in feet) to 
which vater rose 
in (Molina aiK)d. 

Height (in feet) to 
which water will 
rise assuming 
1th the magnitude 
or uonna nooc. 

Ohamoli 

160 

40 

Nandpraya^ 

113 

28 

Karnaprayag 

130 

33 

Kndraprayag 

1 140 

30 

Srinagar 

A2 1 

11 

Beoprayag 

70 ' 

18 

Biosghat 

88 

22 

Laohman}hiila ...... 

3o 

9 

Rikhikesh 

18 

5 

Hardwar 

11 

3 


1 This zei>ort is in the records of the U, P. Government. 
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Except for a low-lying approacli to the suspension bridge at 
Chamoli and a vStccl giider bridge over the Alaknanda river in irile 
143 furlong 2, the pilgrim route between Chamoli and Joshimath 
passes many hundreds of feet above the river and is (luite out of 
reach of the anticipated flood. 

The steel girder bridge just refeired to is constr noted in a rocky 
gorge and has a span of 70J feet. Assuming a velocity of 30 feet 
per second for the flood, the rise in water level may lie taken as 
200,000-^(3() >< 70|)=:96 feet. The bridge is only Cl feet al)Ove 
present water level and wmuld therefore be destroyed. 

It is between Badrinaih and Vishnu]>rayag that the maximum 
damage would be done. There arc in this valley two points of 
constriction, one at Bamini just below Badrinaih where there is a 
steel girder bridge of 84 feet span, and one at Ghur&il in mile 179 
where there is a steel girder bridge of 40 feet span. The rise in 
flood level at these points would be 

Bamini 200,000 4- (30 X S4)a 80 feet. 

Ghursil 200,000-^(30 X 40)« 167 feet. 

Since the heights of the bridges above present water level are 
32 and 60 feet respectively, they would both be destroyed. 

There are some low-lying tillages between Yiahnuprayag and 
Hanumanchatti and the pilgrim route runs close above the river. 
Great damage would, therefore, be done both to the villages and to 
the road. 

Much damage would also be done at Badrinath, At one place, 
opposite the hot spring, the river is only 60 feet wide. Here, the 
flood would rise to 111 feet, and later, there would be a backing 
up of water due to a rise of 80 feet at the Bamini bridge. This 
would mean the submersion of the houses on the river bank and of 
most of the town. During the flood of August 1931, when the 
river rose about SO feet above its ordinary level, one house collaps- 
ed and many of the retaining walls on the river bank were washed 
away. A flood on the scale anticipated wwild bring down most, 
if not all, of the houses ou the river bank, out away n largo slice of 
the foreshore, and possibly damage the teni])le. 

Badrinath is built on the terminal moraine of ilie old glacier 
mentioned in an earlier section of this report, and the river has out 
its way down through this moraine. The left bank is still protected 
by enormous boulders but the right hank, on which the town 
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&;tan<ls, has been deprived o£ this protection by the activities of 
b.uilders who have found in the bonders a convenient quarry for 
bjiilding-stone. Quite apart from any danger from abnormal 
flood, Badrinath needs the protecstion of a stone embaukment and 
an apron of articulated cement-concrete blocks, else the scour 
action of the river even in normal annual flood, will gradually 
undercut and destroy all the buildings on its bank. 


5, The probable time for the lake to fill. 

On the 22nd June, when the snow-fed rivers were in flood, 
the discharge of the Arwa stream was fomid to be about 1,100 cusecs. 
Since rainfall is scanty, maximum discharge cannot be greater than 
1,200 cusccs. As kis been suggested, the glacier will probably 
close the gap in the valley at an early month in the year when the 
size of the stream is small, and the discharge at that time may 
safely be taken to be not more than 160 cusecs. Assuming the 
dam is formed early in March the following figures may be adopt- 
ed': — 


Discharge in March, 15C cusecs. or a total of 402 million 

c.ft. 

Discharge in April, 300 cusecs. or a total of 778 million 

c.ft. 

Discharge in May, 600 cusecs. or a total of 1,607 million 

cJt. 

Discharge in June, 1,200 cusecs, or a total of 3,110 million 

c.ft. 


Even assuming that half the water is lost through percolation. 


it will be seen that 


402+778+1607 

=1,393 million c. ft. of water 


will ha'C accumulated by Iho end o[ May, against a lake 
capacity of 1,640 million o.ft. On the assumptions made, the 
lake would be full and the dam would burst on the 3rd June. 
It is evident that inspections of the glacier should be made as early 
HL^May as possible if warning are to be issued to villages in the 
danger zone. 

L 
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It is true, and a remarkable fact, ibat both the floods in the 
AlnTmoTiiln. valley of which there is any record took place in August ; 
the Gohna flood on the 26th Avgust, 1894 and the recent flood, 
the cause of which has never been precisely ascertained, on the 
23rd August, 1981. But the lake area in the Arwa valley is a 
BTriftH one and would fill rapidly, and it is advisable to assume that 
measures would have to be adopted to issue the necessary warn* 
ings much earlier in the year. 


6. Mapping. 

The moraine and glacier were mapped from a prismatic compass 
and chain survey and the outlines of the valley and position of the 
ice falls filled in by obtaining bearings from known points. The 
results are shown on a scale of 800 feet to the inch in Plate 20. 

A cross section of the valley on the axis of the glacier was obtain- 
ed by reading horizontal and vertical angles on a theodolite from 
the ends of the base lino BC. The cross section is plotted in P<ate 
21 . 

Photographs were taken from the points Dl, D2, D3 and A. 

To enable future observers to detect any movement in the 
snout of the glacier and determine the amount of that movement, 
Fixed points for Ittture two sets of permanent marks were establish- 
observatlons. ed ; — 

(а) Cairn H was built in such a position that an observer stand- 

ing with his back against the mark on boulder G looked 
over Cairn H along a line tangential to the snout of the 
glacier and parallel (as closely as could be judged) to 
^e granite cliffs opposite. It should be possible to 
detect any movement in the snout of the glacier by 
repeating the observation after a fair lapse of time. 

(б) To allow ol a more accurate determination of the movement 

of the snout its horizontal distance was measured by 
theodolite from a fixed point F on the opposite cliff. 
That distance was 778 feet and the angle it subtended 
at another fixed point E, which is 97 feet away from 
F, was 32“ 5'. 
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P V SNOUT 



Fig. 3 . — Diagram showing angles, measured in IPV, fiomfiscd stations on to snout. 

The results of these observations are indicated in the sketdi 
given above. E T is a temporary base line (100 feet long) ■which 
had to be adopted because it was not possible to set up the theodo- 
lite at P. The movement of the snout would be measured by lay- 
ing down any convenient temporary base line through E and observ- 
ing horizontd angles as before. 

IV.— CONCLUSIONS. 

There is no immediate danger of the Arwa valley being blocked 
and of a lake being formed, but the glacier should be visited every 
spring for the next five years and the distance of the snont, from 
the granite difE opposite, measured in the way indicated in section 
111 (6). Should the glacier move abnormally fast and pro- 
duce an unexpected blockage, indication of the movement should 
be obtained in a sudden shrinkage in the stream. Msna Bhotiyas 
cross the stream on -their way up to and down from the pass and a 



404 


Records of tW (ideological Bnrveg of India, [ Vol. LXVl 


visit to the glacier will take them only two miles out of their way 
The authors have asked the Rawal of Badrhuith to arrange for the 
Bhotiyas to go to the glacier should they notice any abnomoat 
shrinkage in the stream. 


V.-^ LIST OF STATIONS. 



Station. 

Situation. 

Position of 
pamt. 

A 

Theodolite 
Photograph . 

. Cairn 

Bank of ii\cr by grass 
patch. 

On top stone. 

B " 

Theodolite . 

^400' base line. 

• 

Bank of river 

Bo. 

C J 

'Uheo<iohto . 

* »» 

Small stroamlot . 

Bo. 

Dl 

Photograph • 

. Small 
cairn. 

Wobt of large boulder Ti^ell 
up on talus. 

Bo. 

D2 

Photogi aph , 

. < 'aim 

Well up hillside on plat- 
hmn ue«t of gullo^\. 

i Bo. 

1)3 

Pliuiogtaph . 

* f> 

Well up hillside on in- 
clined plurtform east of 
guUoy near its biftirca- 
iion. 

Bo. 

E ' 

Tlieodolile • 

» « • 

Peg at foot of cliff. 

On cliff-face. 

P 

Fixed i>oint . 

• e « 

— 

Bo. 


Tangent to bnout . 

^ Large boulder. 

.... 

On vertiottl 

east face. 

H , 

Cairn, 

On west side of small 
boulder just above 100 
foot bank of river. 

On top stone. 


LIST OF PLATES. 

Plate 16. — ^View from P. W. D. Bungalow, Badrhiath, looking north up Alak 
nanda liver. U-shaped va loy. 

Plate 16. — View horn Station A facing S67®. Glacier No. ITI almost across main 
Arvva valley. Camera levelled. 

Plate 17. — View from Station D3 facini. 233®. Glacier No. Ill and Arwa valley 
Three tongues of fr«sh moraine visible. Camera leveDed. 

Plate 18. — View from Station D2 facing 170®. Snout, ice fall, two feeding 
hanging glaciers. Glacier No. III. Camera levelled. 

Plate 19. — ^View from Station D1 facing 138®. Glacier No. Ill, Camera levelled. 

Plate 20. — Sketch map of Glacier No. Ill debouching into Arwa valley. Scale 
1 !nch=800 feet. 

t^LATB 21. — CroSB section of Glacier No. IIL 


MGIPO-M— VlG^.10--6-1.33— 860. 
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Fig. 5. Specimen 1. Fusain showing cell Fig. 6. Specimen 1. Fusain, showing wood ray 

structure. (X1228). and bordered pits. (X 228). 

THIN AND POLISHED SECTIONS OF INDIAN COALS. 

A. K. Banerji, Photomicros, 


G, S, I. Calcutta. 







Fig 3a Specimen 1 Wood showing plunsenate Fig 3d Specimen 1 Wood showing uniseiiate 

boideied pits (X 102) boideied pits (X 86) 



Fig 4 Specimen 2 Section showing fine bands Fig 5 Specimen 2 Dm am with So/e/ ot/t/s sp 

ofvitrain (X 65) (X 228) 

THIN AND POLISHED SECTIONS OF INDIAN COALS 
4 K Banetjt Photomi tos 



(J 9 / Cate itta 
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Fig. 1. Specimen 2. Durain with Sclerotitis sp. Fig. 2. Specimen 2. Vitrain with Sclerotitis sp. 

(X 228). (X 78). 



A. K. Banerjit Photomicros. 


G. S. I. Calcutta. 
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Fig. 1. Specimens. Cuticle showing Fig. 2. Specimen 4. Section showing cuticle. (X 100). 


stomatic opening. 



Fig. 5. Specimen 4. Cuticle. (X 100). Fig. 6. Specimen 4. Pollen grains. (X 100). 

THIN AND POLISHED SECTIONS OF INDIAN COALS. 


A, K. Banerji^ Photomicros 


G, S. /. Calcutta, 
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VIEW FROM P. W. D. BUNGALOW, BADRINATH, LOOKING NORTH UP AUKNANDA RIVER. 



Recoids, Vol LWI, PI 17 
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VIEW FROM STATION 01 FACINQ 188°. GLACIER No. III. 



See scale above; tor ‘100’ read ‘200’ and ‘200’ read ‘400’ 



ARVy/A VALLEY. GARHWAL. 

Scale SOOEfe=1 Inch 
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GLACIER No. III. 

ARWA VALLEY. QARHWAU 

CROSS SECTION ON X-Y. 

Scale of Feet 

FT 400 2P0 0 400 eOO IZOOFT. 
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Stratigraphic Significance of the Fusulinids of 
THE Lower Productus Limestone of the Salt 
Range. By Carl O. Dunbar, Professor, Inv&rtebraie 
Palaeontology, Peabody OAuseiim of Natural History, 
Yale University. (With Plate 22.) 

introduction. 

The Bait iiange provider a jc<y teoclit#*! foi jntoiipgional conebl- 
loii of ihQ PorjLiiiau foimations of Eunij-Li, Imfc thoco is ttill mticli 
didVroiKio of o])inion os to l]ie raiit(o of horizoud tlicrc it prosonted. 
rJie bitfetihiopods, wliich raiigo widtdy iliion"!* ILe section, Lave not 
vtd i»iv(‘n baiisfaciiory rpsiiUp. Th<‘ amn}oiiit(‘s Lave jjrovcHl mo&t 
pLowing that the Upper Product us Liniostono is of latf* 
i*t»rniian ago.^ Bui, iiu tor tuna tely, no ammoiutod are found in 
the fjower Productus Ijimestone. Fiibidinids, on the contrary, are 
vtuy atnindant iii the laitt^r horizon, Lui have not Leon recorded 
Jioni the higher part of the Balt Banjo sc<*tiun. Because of the 
stnudural complexities in oilier Permian fcctions in Asia where the 
lusulinids have been studied, it has h<‘on im3)ossil>lo yot clearly to 
zone the higher fusulinids for the Ponnian system as a whole in that 

1 * Review of the late Paleozoic formations and Faniias, with special rcforonco to the 
Joo-ago of Middle Itoniaai tim© BulL Qeol. 800 , America, 30, pp. 838-848, (1028). 

( 405 ) B 
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ooatinent. In the Glassj Mouniains of Texas and the Delaware 
and Guadalupe Mountains of New MexicOj however, there is 
a very oompkto section o£ Peimian sti‘ata about 7,000 fe(‘i in 
thickness and exposed in simple succession* Heie ammonites occur 
at several zones in the lower (Wolfoanip -Leonard) and middh 
(Word) part of the section, though JiOiie, aie known fiom upper 

(Capitan) portion* Fusuliuids are abundant thioughoiit tli(‘ entiic 
succession, however, and here they clearly show an evolutional develop- 
ment that can he integrated with that of the ammonites and promises 
to be very useful in wider correlation. 

Dunbar and Skinner^ have recognised here three new generic 
types, each represented by a number of species. These genera, 
based largely on septal evolution, succeed one another in order in 
the section. The simplest, Psemlofimduut, appears with Schwag- 
erina in the Wolfcamp fornutioii of Western Texas and ranges up 
into the Hess-Leonard horizon. In Cenlial Texas, Oklahoma and 
Kansas, it axjpcaxs a little below iho zone of fSekwagenna in the 
horizon of tlie Foraker Jitm^sioiio am! tlic Stine shale, which is near 
the top of the Wabaunsee series. A1 this horizon it is associated 
with abimdani Ti if idles, a genus which is characteristic of the 
upper half (Missouri group) of our Pcunsylvaiiiaii syslem. Th(‘ 
genus Pseitdofiisidim is characterised by bti’ongly and regularly flutc'd 
septa that join basaliy at tlic tips of the folds lo rtubdivide the lower 
part of the meridional cliam])ers into a seri<ss of cell -like ohaiuberlets. 
The septa touch the floor of the volution, however, exce])ti for a 
median, slit-like apei*ture. Scjflal pores are usually oomuiou. The, 
species are not very large, rarely attaining a length of 20 min. 

The genus Parafasulina makes its a]>pearanco in the Ifess- 
Leonard horizon and contimxes up tlxrough the Word, the older 
genus PseudofusitUna meanwhile dropping out in the lower part of 
the Hess-Leonaid horizon. In ParafusuUna (PL 22, fig. 3) the 
septal evolution has advanced in that the forwardly directed ti]) of 
each fold curves tar forward and is resorbed disfcally, leaving an 
open arch, to the edge of which the backwardly directed fold of the 
next septum is joined. As a result, each septum possesses basally 
a regular aeries of small, semicircular foramina loading from one 
chamberlet to the next before or aft. It follows that the septa 
only touch the floor of the volution along the sides of the chamberlets 
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and hero they arc joined one to the next in siioh a wov as to jnabo 
a series of continuous hasal sutiucs iiinnino round and round the 
shell in the diioction of coiling, a featuie to be sooti in taiig*‘nti.‘d 
sections (iur juvt above the floor of the volution. Some of the siiOirua 
of this genus attaiu enormous dimensions. 

The final evolution of these elongate fusiilinids is seen in Po/^- 
(Jiexodi/id^ a genus with septa like those of the preceding gciuiSj 
l>iit marked by the appeaianue of a series of slit-like hasal apertures 
corresponding to siipplemeulaiy tminels, bke the sagittal tunnel^ 
but paired on opposite side-i of the latter. This genus also attains 
a largo size and is commonly very slender and elongate. The septa 
are very numerous, the coiling is compact, and I he septal fluting 
fine. 

Judging by the stage of evolution ropieseided by the specimens 
before mo from the Lower Produotus Limef*tone near Warcha, there 
is no doubt that the hoiizoii is Permian rather than Carboiiifeious* 
It should be a little a]» 0 Ms iLough ]nobably not far al»ove, Ihc zone 
of Scinvtujetiha, for the aluindant s]) 0 <:ies, ^Fusnlhw^ latlaehsis, 
is a rather primitive leju'cseni alive of the genus Pantfvsidina. It 
appears that the other forms described from the Lower Productus 
Limestone, Fusulintf paila^bis, Schwager, and Fvsidhm e]ucafU(^ 
Sohwager, if not conspecific, are at lea^^t congeneric. 

It is noteworthy that uhile these fuMilinids aie exceedingly 
abundant in the Lower Productus Limestone, no large species hav(^ 
been found here. On the other hand, Hayden has desiu-ibod from 
an undated horizon near Bamian, Afghanistan, an enormous form 
of fusulinid, which he identified Avith ‘ Fiistdim ehnyata \ Shumai’d, 
of the Texas Permian. The locality is about 200 or 250 miles west 
of the Salt Range. There is no doubt that this form is much younger 
and more advanced than those found in the Lower Productus Lime- 
stone. One of Hayden’s figures clearly sliows a septal evolution 
at least as advanced as ParafusuUna and another a])pears to show 
the supplementary tunnels of Polydieo^odinu. k restudy of Hay- 
den’s specimens would be of great interest. 

Still farther to the south-east of the Salt Range, there is anolhej* 
late Permian ^Pusulina Limestone’ at Kehsi Mansam, about -10 miles 
east of Mandalay in Burma. Bioncr also identified the large species 
found here with Fiisidina elongata, Shim'iard.^ Unfortunately ho 

1 Pah iTidicn, N. S., Vol. 3, p. 44 ,• TL VI, figs. (1911), 

b2 
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did not; doaciibo iLo l*nt hil^ sccfciouH, indicate a spooioe of 

Polydieoioiliua. 

It \my ho iiifono( i, ti.-. O OiN , \'0iv‘ <S tl \videbpUM(l ilOLizoii 

of Into Pernunn Purfiilioji MOi t* ij juioLeJ hy 1jiv‘ 

genus Poly(Ui\rodh)\i uiul Uj pAuxoo/i t!io 
Delnwiire-Oapitan liovi/oo of ll, .Utu I’ienn PviOiniU. li sJtoutl 
1)0 <*x]K'cl(‘<i in till* rpiM r l'’i*ocln<*Ui.> Li3tn‘st<,p *j iins tbun 

yielded no fusidiiiiiK. 

Tlie greniest jjrebCJii uoid ]?> foi a oiiticei restudy said adequate 
deseniption of all tli<* large fuoulinids oJf the llijualayan logion. 
Toward tliis end w<‘ iniroduoo litu ‘0 a u dose, ript ion of Ibc conunon 
Lower ProductiLs Limosione sj^eeies, ‘ S<.,li\»ag(i* 

We wish to express our corilial thanks to the Director ol the 
C!eo]ogi(^al Sinvcy of Jmlia for sapplying us with the splendid material 
used in the study of this species. 


REDESCRIPTION OF PARAFUSULINA kATTAENSIS 
(SCHWAOER). 

Plate 22, iigs, l-2j. 

FusuUna kaUacimH, »Seliwagor, PaL Ini., Vol. I, p. 985; PI, 
OXXVl, figs. Ml ; in. CXXVIII, fig. 4, (1887). 

Description. 

This rather snudl, suhcylindrical spt‘oies dtwidops five to six 
volutions and rarely aituins a length of 11 nun., tliough 10 to 12 
nun. is more usual. The ends of the slu*ll aj*c usually bluntly 
rounded, t.onding to beconu' snbtnnioait* at maturity. The middle 
of the shell is generally a little tlihtirer (lian the rest, the axial profile 
being a niiuth elongated ellipse, but o<jeasional si)eeiinens are s<*arcel\ 
at all inflafcod at the centre. The axis normally straight. 

The rate of ex])ansion in the sagittal j)Iane is fairly constant and Ih 
represented by the following figtires sho'wing the height (in microns) 
of successive volutions : 



Prolooulnm. 

tst. 

2ncl. 

Srd. 

4th. 

5th. 

Spooimen A 

. 240 

VO 

340 

190 

220 

280 

j^eoimozx B 

. 240 

05 

155 

180 

215 

280 

SpooimmO 

. 200 

100 

140 

220 

240 

270 
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The longtli, on the contrary, \ari€t> raihor greatly. It is norm- 
ally a little over four times the thickness in adult sltells, but in 
occasional specimens riseb to five or six times the thickness. The 
moMfc elongate shells appear decidedly cylindrical and the shortest 
ones sausage-shapcfL If the extremes were isolated they would 
to bi distinct sputdes, but tlievast juajoiity of specimens are 
intermediate in lengtJi and sho\v coxnplete gcadation. Other charac- 
ters also confirm tle^ conchision that ve are dealing vdih a siiiglf* 
species. For example, specimen A of the table given above has 
a length of 11-0 ;am. tUid bpecin«*n 11 oi only 11*5 mm. Y(‘t they 
have identiii'*‘dly the i-c^jee *li<metei, the sanu number of whorls, 
same sisse proioc'uii, ^ame o: t\pansioiL rnd same sizeil tunnels. 

The proloculnm i-* lathex latge. iriogiilar in shape andveuy thin- 
walled. Our liieasuiemenfb iiaticate a diameter ranging from almut 
to 300 micron«i. Tne vail of the first vrtlution is very thin and 
the fonn of the chell at this stagt* is commonly ditfi(iu]l to determine. 
The second volution ib elongatc-fusifonn and 3-:i6 to 6 times as long 
as thick. The ratio of length to tiii(,knebs lioiinally incrcast*s grad- 
ually in later volutions as shown by the following moasurements ; 


Speoimons. 

1 

> 

3 

4 

5 

6 

■Volution 1 

S-j- : 1 

3* i 1 


3- : 1 

31 : 1 

3-0:1 

Volution 2 

3-5 : 1 

3*7 : 1 

J 

3*5: 1 

3*3 : J 

5- :1 

Volution 3 

3*25 : J 

4-h : 1 

4- : 1 

4-2: 1 

4* : 1 

0- il 

Volution 4. 

4* : 1 

4-0 ; 1 

<1-25: 1 

4*4 ; r 

4 + : 1 

0- :1 

Volution 5 

4-i- : 1 

4-5 : 1 

o : 1 

Am: 1 

4-5 : 1 

0* :1 


The wall attains a ihiekness ol 50 to 00 nmioiis in the second 
volulion, increases 1o (Jt» or 70 in the third, 70 to 00 in the foiu'th 
and rarely attains to 10(> in the filth. It is generally thickest in 
the penultimate vliorl. The keriotheca ib moderately coarse, 20 
to 25 alveoli o<*ciipying a bpuce ol 6tt0 microns. 

The septa are intensely anu regularly fluted, though the folding 
affects chiefly the lower lialf of the septum. The folds of successive 
septa unite busull}^ to subdivide llu* lower par't of each meridional 
chamber into a series of regular ci 11-like chamberlets which are 
well s(‘en in eielud specimens or 1iu»gin1ial polished surfaces like 
that of liguiv 2<* ol Flal<‘ 22. In Mich st'ciions the chamberlets 
present a striking uniformity, ten of them occupying a space of 
about 2*6 mm. In the outer volnlions the basid tip of each forwardly 
directed fold curves forward into a plane parallel to the floor of the 
volution, meeting the backwardly directed fold of the next septtgn 
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to form an open arch or foraxuen from one ciamboilot into the next. 
As a result of this growth the septa join the floor of the volution 
only along the lateral sides of the chaml)erlbts 5 where they arc 
joined, one to the next, to loim basal sutures iiuining round the shell 
iu the direction of coiling. Tliis feature is best seen in polisl^cd tan- 
gential surfaces cut barely above the base of a volution as in figure '2c. 
l<"igurc 2e is not cut quite deep enough. The septal luchcb apjieai 
in axial sections as a regular series of spiall, semicircular loranuiia 
along the base of the septa. They can be seen in thin sections but 
are more certainly identified in polished surfaces like figure 2g, in which 
every septal fold shows one of the foramina. It must not be sup- 
posed that these openings are duo jnoroly to truncation of the tips 

of the folds by the plane of the cut, for when the matrix is trans- 
parent the foiamina can also* be seen in the oppo&ito folds 'v^hich 
recode from the polislicd surface. The tangeniial surfaces like that 
of figiP'o 2c are tlie final proof, however, that the septa do not reach 
the floor at tlie front or back of a sephii fold. 

Tlio niej*iclional tunnel is well-defined and ratluu’ wide, llie tunnel 
angle ranging generally between 50*^ and OO® in tlie oub r Aolulions, 
but it is coiuiuoid} between 4t)® and bO' iu the liist IIimm* whorls. 
TJie apci turns are broadly elliptical and luvirly as high as flie volu- 
tion. Ho septal pores have been obso.rved. The septal count in 

throe representative speouuens is as follows:— 


Volutions. 

IJ 

2 

3 

4 

5 

.0 

Spooiioen 1 

8 

15 

20 

17 

24 

28 

Sx>ooimdn 2 

7 

14 

17 

22 

22 

30 

Speoimon 3 * 

12 

10 

27 

28 

• « 

« • 


Discussion. 

fctchwager’s typi'S of Fastdina kalUmms won* <le!iv(Ml from 
Mho Upper region of the Lower l^roductus Limestone at J\atta\ 
Other spcouncus occurring lower in the joimafion af. Katla he 
thought might prove to be a distinct vari(‘ty bub l>ecau«e lh(*y weie 
generally more or less cnished, he w^as unable to make a satisfact- 
ory comparison, noting merely that in the lower form ‘both ends are 
generally more paraboloid in their outline, whilst they arc more 
abbreviated in the typical form. Also the increase of the whorls 
ia a different one.’ 
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The abaudauli material befcaic us from Wai’olia is liom two hor- 
izons, one at the base of the Lower Prodnetus Limestone and the 
other about 00 feet higher. Both contain the same species, which 
seems to be the typical form ol F. Ivifaensis. At least, it is not 
possible from Sohwager’s incomplete description of the species to 
point out any differences from the \taroha form. 

There is a striking resemblance to F. hngmhna, M6llci‘, whicli 
has nearly the same size and proportions, possesses the same number 
of volutions, and has an equally large and brogular proloculum; 
but the Eussian species has a much thinner wall and a narrower 
tunnel, its slit-like apertures having according to Moller, only 
one-hfteonth to one-eleventh the length of the corresponding volu- 
t/ion, whereas in F. htMaenm it is, according to Schwager, about 
one-ninth. The specimens before us show considerable variation 
m this regard, but in the outer whorls, at least, usually have the 
aperture between one-eighth and one-twelfth the length of the 
volution. 

The exact nature of Fusulina pailcusU, Schwager, and its relation to 
F. latUaciuis arc still obscure. Schwugor’s description is iiunhapiaio 
in many respeets and unfortunately includes serious disonqyancii's 
between text and illustrations. The types of the two iqjocies were 
from dilfereut geographic localities, but the Iiocizon appears to have 
been about the same. 

Schwager stated (p. 9S7) that F. jiaileiuis is characterised by 
an ‘extraordinarily small embryonal chamber’, and that by this 
character it can be easily distinguished from F. hiltaeiim. But 
the rescmblanoos between the two species are so close that he finally 
oonclndcd his desoription of F, pailensis with the statement that 
the species cannot as yet be considered as fully established ns long 
as its geological relations to Fus. hdlaensis on the one hand and 
Fas. hngmiina on the other are not y<‘t quite disliiictly m.id') out. 
AccioriUng to Scliwager’s statojnoiit in the text, F. is an 

extremely slender siwoies witir a nornuil length of J.'> nun. and a 
(liiuuetor of 1*7 jnm., the ratio of length to breadth being, thus, 
approximately 8 to I ; but the several figures of the species on his 
Plato CXXVXI indicate a ratio of about 44 to 1 or a little less. This 
is almost exactly the ratio shown for F. hattaensis. As calculated 
from Schwager’s enlarged figures, the diameter of the proloculum 
in three of the types of F. pailensis mooautes 112, IdO, and 114 
microns, respectively, whereas it measures 265 microns in one of 
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Sic typcK ot S'. Icaitaeihsibi^ 250 >< 210 in another, and 256 X 200 
in a tliird. 

Tb‘ colIiHitions Mui Un by tlio (bolo^jiioai yurvoy ot India did 
not inoluib* inat(‘ritil from llio vieinity of Uail. ilowovor, ProfosHor 
von Iluone hab kindly loaned a apo^jinnoi ol the FuKulina Lijnestoiic 
frojn the Kokon collection at Tubiajijen, vvliioii vva.s Rociiied at l^jil. 
The Htone in ho hard tliat hj)ecunenH iMimot l>o flood and ell-oriontod 
'^notions are dilliciill (o H<‘curo. Thin fact lee^dls Scliwa^ir’a remarks 
on the (M'Oiirrenoc of F. The w‘(,tion,s before ns differ 

from Soliv ajri'r’KS ty[)es, however, in iiaviiig jnolocnli of large size, 
five specimens measuring 2r}0, 3G0, 810, 870 and 400 microns, res- 
pectively. This accords \\ell with the range of *sizo in F. Icatlaensis. 
There is essential agj’oenient i\ith thi* latter si^eeacs also in ratio 
of length to thickness, in number of volutions, and rate of expan- 
sion in the sagittal plane. There is further similarity in the sei>tal 
couni. Tlu' tunnel angle in ihese specimens ranges from 80*^ to 
40® in tlie third volution, l>ut widens to 40® to 50® in the foiiilh 
arwl as much as 60® in ilu* fiflli, thus agreeing with F, hiitaei^M. 
The se])tal evolution a])])e!irs to be slightly l(‘ss advanced in tlie Pail 
spooimons tlian in those from the Warcha region, hardy jaissing 
from the FmidoJimVma to llie Panifumdina stage in tin* adult 
volntioas. 

It appears evident, therefore, that the specimens liefore us from 
Pail agree much more closely with Sohwager’s description of F. 
iattaensis than with that of F. jmihnsib. Probably Sohwager’s 
types came from a different zone at Pail. More material is needed 
for study before it will be possible to demonstrate the relation of 
the shells represented in the Kofeen collection to P. kattamsis. 


EXPLANATION OP PLATE. 

PtiATB 22, Eio* h^^Varafnsnlim tvordmisia^ Dunbar and Skinner. A fragment 
of a hiliciCod cotypo from the Word formation ol the 
Glass Mon ntains, West Texas, to show the character of 
the septa in Parafmdina. The septa are partly broken 
away. Pragments of the roof of the outer volution may 
be seen at A, the upper margins of the septa at B, septal 
arches at 0 and the basal sutures running round the shell 
atD(x 16i). 
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Fig. 2a . — ParafuavUm kccUaensis (Sohwager). A apooimen more fufli- 
form than the average or tTpioal shape. 

Fig. 2 b. — ^Antethocal view of a submature spocimeu shelving ilu‘ 
regular septal Hutlng. 

Fig. 2o. — apccimen moie elongate than Iho typical form, polished 
down to a tangential surfae** juj't above the floor of the 
outer volution, showing how the chamberlets communicate 
fore and aft as the basal sutiii*(‘H of the septa run around 
the shell. Outside the miil-length of each half the soi)tul 
arches lie below the plane of the section. 

F:o. 2d. — Axial section of a typical specimen. Noie the prohxjuJar 
foramen with its invaginatod * bottle-neck 

Fig. 2o. — A n cxeeptioiiaJly short shell polished off to a tangc^ntial 
suiiace showing the regular ccU-liko chamberlets. Tlio 
section only ciits deep enough to cut the septal arches next 
besides the tuiuicl. 

Fig. 2f. — Axial section of a largo elongate specimen, showing the 
basal foramina in each septal fold. 

Figs. 2g and h. — Axial surface and external view of a very laige, 
subeylindrieal spocimoii. The basal foramina and 
the tunnel are cons])icuous. 

Figs. 2i and j. — {Sagittal sections of tw^o repr<‘scntativo specimens. 

All from zone 50 feet above the k>wost Fusulina limestone at the base of tlie 
Lower Productus limestone in a stioam section about two miles N. N. E. of Rukhla, 
near Warcha, fcSalt Kang<‘, India. Geological iSurvey of India Collection K25/408 
(all figures x 8). 
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DadOXYLON ZALESSKYl, A NRW SPECICS OP CORDAITEAN 

Trees from the Lower Gondwanas of India. 
By B. Sahni, M.A., Sc.D., D.Sr,., F.G.S., F.A.S.B., 
Professor of Botany^ Univorsify of Lucknow. (With 
Plates 2^ and 24.) 

INTRODUCTION. 

TTuder tho name Dadoxylon, zalcsslcyi,'^ it is pioposed to describe 
a block of silicified wood recently found near Asansol, in tbo Raniganj 
coalftold, ‘Bengal (PI, 23, fig. 1), In this region quantities of fossU 
wood have been found in recent j’ears, including some large tree 
ivnnks.® In the great jiuijodty of specimens only the secondary 
wood has boon found preserved, the ])itli and primary wood being 
either badly crushed or loo deojdy siluutcd to be available for study 
in lliin si'ctious. For these coasoirs none of tho Bj)e(iimons so far 
iiH‘ntioiU“cl in tho literature have been sj)c«i(i(adly determined. This 
is possible in the specimen now described, in which the pitJi and pri- 
mtiry wood are fairly well preserved. 

1 wish to express my sincere thanks to Professor K. K. Mathur of 
Benares ITnivcrsity for tho loan of the material for investigation, 
and to Prof. Seward for kindly criticising tho maniiscri])t of this paper. 
The sections hero described were prepared by my as.sistants, Messrs. 
Shanker and Bam Singh Sharma. 


OCCURRENCE OP FOSSIL OYMNOSPERMOUS WOOD IN THE 

RANIQANJ AREA. 


Fossil wood has long been known to occur in tho llniiigmij (i(»al- 
fiold, but no {Kl<H|HaUj description has over been pul)ii.shed. fn 
1882, Schenk® briefly dosoribetl under the nnmo Armicarioxylon, 
rabertianum a fragment of wood collcoted long ago by the brotliers 

1 This mmo was Ruggoatorl heforo I lud soon Arnold’s reoont papora (^ee BibliograpUy) 
on related genus (130x^0% of whlchi he has named one new spe^es 

^3ee Bradwaw^ £1. J.> and Sahni, B., JRec, Geol. 3urt>* Ind,, LYIII, Pt. 1, (1920) ; 
Pox, 0» S., Bee. Qeid* 3urv, LX, Ph 30, (1928). 

‘ Sehezik, ^Bie Ton den GeMdom Sohlai^tweit in Indlon gesammelten fossilen HOlzer’, 
Sftgl B<*, /a?ir5., m, p. 330, (1882). 
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SoHagiatwcit near Asansol. Daring recent years, Kneral largo 
troe-trunks and many loose fragments of silioiiied >v()o(l liavt' Ix'en 
discovered in the Kaniganj coalfield. The largest of these fix'c.ijiiojis, 
originally about 93 feet in lengtli, wa.s unearthed in 15t2<l at llic 
Kujnarpur cutting of the East Indian Railwaj', a1)oat two jiiiles 
west of Asansol station (Bengal). I'his luaguiliceut fossil is vow 
preserved at the Indian Museum, Calcutta.^ One of the smaller 
trees is now in the museum at Patna (Bihar). In January, 
a party from the Botanical Department of the Lucknow [Jniversity 
excavated about ten feet of another tree, embedded obliquely in the 
sand near the same cutting; an tuilmown length, roprosenting the 
thicker proximal part of the tree, being left in situ as it was too deep 
to be extricated at the time. 

With the exception of the Schlagintweit specimen, which T have 
not seen, there is notliing in the gross feitturcs of these specimens, 
nor in their anatomy so far as this is known,® to suggest that 
more than, one species is represented. The appeaaaucc, colour, 
mode of preservation and the distiibution and shaj)o of tlie bian(h- 
siitu's arc identical; well marked growth-rings are priHent in all. 
The specimens show' all the .signs of drift wood. Tlicir poor ]iie 
servation shows that decay had stalled before jietrifaetion set in. 
There is no trace of bark or of roots. None of the smaller hiaiiclies 
are preserved, although tlieir scam arc seen in largo numbois. The 
identity in external oharaoteis in so many fragnionts, scattered over 
an area of several square miles, lends suppoil to the idea that the 
trees belonged to one species and must have growm in gieat abun- 
dance. 


GEOLOaiCAL AQB. 

The fossil trec-iriuiks foiuid near Asansol in 1923 and 1924 were 
coimidered by Air. E. .1. Bradshaw to belong to tlio Panchot series, 
wlii(th is correlated with the Trias of Europe.** But from the re- 
ci‘Ut> work of the Coalfields Party of the Geological Siuvoy of India 
(iiKsludii:^ the late Eao Bahadur S. Sethu Kama Kao, and Messi-s. 
B. K. Geo, A. K. Banei-ji and J. B. Auden, under the superinloud- 

^See Br«tsliaw and Sahni, oj). cU., (1923), foi a pliotogiapli and brief doBodpiaon. 

3 1 have examined about a dozen thin seotions> taken from at least three ditEerent in- 
dividnahi. 

^ iSfee Bradshaw, E. J. ,and l:jahni, B«, oj). p. 77, (1025). 
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enoe of Dr. C. S. Fox), it appears that the fossils belong to the 
underlying Kaniganj series and are, therefore, more correctly as- 
signed to the Upper Perinian.^ The late Eao Bahadur S. Sethu 
Rama ’Rao found, during his work south of the Damuda river, 
a well marked sandstone bed containing an abundance of fossil 
SYood near tlio top of the Rauiganj series ; and Messrs. Gee and 
Bauer jee tractMl this horizon to the Kiimarpur cutting, where the 
type-specimen of D, zalesshyi was discovered, not far from the big 
tree briefly described in 1925. The observations of Messrs Gee and 
Baiierji, that the fossil-wood sandstone is separated by a slight 
unconformity from the Panchet beds, and should therefore be as- 
signed to the Raniganj series, Las been confirmed by Dr. C. S. Fox, 
who has named the horizon the Kumarpur (fossil-wood) sandstone. 
As Dr. Fox justly observes, the paleontological evidence points 
more to a palaeozoic than to a Mesozoic ago for the sandstone ; find 
I may fidd that the majority of the species with which D, zalesshyi 
has been compared {inde infra) como from strata which are generally 
regarded as Permian. 


c 



A 


Ficf. 1. — ^Diagram to show how the central core of the main axis taken out from the 
type-specimen was sectioned. A, B, 0 are transverse sections from 
below upwards. D is a longitudinal section, (nat. size). 

1 Bee IFox, 0. S,, op» siU^ p. 365, (1928) ; Pasooe, E. H., i?ec. Oeol Burv. Jnd,^ LXI, 
T>. 119, (1028): Fox, 0, S., Mem* Geol. Burv. Ittd*, LVIII, p. 142, (1931); Gee, E, R., 
Mm* QeO* Butd. Ind., LXI, pp. 54, 109, 207, <1032). 
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Fig. 2. — Soloiotic nest^ in the pith (typo-specimcn), u in ctioii of ln«n»^b. 

ft, c m longitudinal feeelion of bianch. ( SO). 



Fia. 3. — ^Pait of the pnmaiy ^vood (bianch of typc-spcoiinon) showing tranwtion 
liom scalaiifoiin to pitted tiacheids. (x 700). 


DESCRIPTION. 

Tlio bj'po-speoijneix (PI. 23, fig. 1) agi'eos -mth the bouthern 
species of Dadoxylon iu having sharx>ly marked growth-rings, in 
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i^s cylindi i< ill inth, oncl in llio fuct llie borcloml pils on the 

tia^lieWs aic fj(‘<jiLcntlv nnibeiiatts sqjaiate and loiiiicltd. 

Seotioii'- wtie cut horn one ol ilto l*i<in<’]i-‘‘Gais and fiom the 
c^ntial ooic of tl e jnain asib {^cp Pia. 1, p. 416). The stim hue of ihe 
])itli and i»rintaiy is hotter prt*'^^i\cd in tlio hiancli, that of 

i-ho oecondtiiy Tsood i-J hotter in tli<* mam axi-.. In the 

laanch there is a pith 7 to 8 nim. wide (PL 2‘L iigs. 2, :!) (onsisting 
of large paienchyraatoiis colls arianged in \uHcal lows (PL 23, 
fig. 5; PL 21, fig. 3). Choiips of i'-odiametiio stone-cellb, 

and sometimes isolated &tone colL, lie scattcied among the paien- 
chyma (PL 21, fig. 1 ; Pig. 2, p. 417). Tn the thick w^alls of those 
cells concentiic laj^eis of giow^th as -well as pit-canals are sometimeb 
clearly ‘'^een. There is no peiiphoral zone of transfubion tissue 
such as !Mhs ITolden^ desciihcd in D. itfcHcttm, Travcising some 
parts of the pith iiregiilailv oie soeu a niimher of iircgular b^^accs 
(PL 21, fii;. 1) which at fiist sight mav ho mibtakcii for secretory 
oanalb. But they «t 3 o no douht due to decay hofore petrifaction; 
they are not been in the hobt pieseiv-ed paitb of the pith (see PL 28, 
fig. 5, bottom left). 



ShoBk. 4^*-»Boxd0red pita from type^speoimen (Section D), (x 360). 
Hid d e n^ XXXT, pp. (1016). 
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Fia. 6.— Pita iu the field (type-specimen). ( < 350). 

lu tLc I'laiii axis tlio pitli lias been tnislicd and divided lou^i- 
iudinally into two parallel lialve'^. The Htmoiure is faasxK* as 

in the bianoli, but. the presetvoiion is indift'erent (PL lig. 4). 

The ])oiuts of departure of the l(*al-liaceb aje niaiLetl ]>y sundl 
projections of l]i<» jdtli tnuiroHohing upon iJio wood)' oylinder (?L 
23, fig. 4). The leaf-trace at its origin is a siaigle wc<lgO“sha]jcd 
endarch bundle; whether it divides in its couise through the se- 
condary wood cannot be ascertainecl frojn the available sections. 

The prfinary wood isone is at jnost a dozen cells 'wide, the metaxy- 
Icjn elements being rather wider in the radial than in the titngential 
direction (PL 23, fig. 4 ; PL 24, fig. i ). The secondary ood 
lies immediate^ in contact wdfch the primary, the trachehls being 
squarish, and more regulai'ly an-anged. The protoxyJ(*m is en- 
darch, without any adinixture of i>arenehyma such as Miss Holden 
described iu the nodal region in jD. indiemiu The tracheids of the* 
protoxylem and pi’bnary metaxylejn show bar thickenings \'arying 
from annular or scalariform to reticulate as wo pass outwauls 
(Fig. 3). Spiral elements have not been observed, but ihi'» is probably 
due to the preservation. 

In the secondary wood the pits are usually round or elliptic 
and either separate or contiguous, hut sometimes they are flattened 
into hexagons (PL 24, fig® 4 ; Fig. 4). The narro'^’cr colls 
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Fia. (5. —Bordered pita liom omall tiee found south of Kuniaipur cutting, foi com- 
parison with tyjH -specimen. (>' 350). 
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FtOi 7. — ^Tangential section from the same tree, (x 120). 
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isliow ono or Iwo rows ol pits, the arnai^r(» 4 iu‘iil jii tlio l{ill(‘r <jasc 
bein^ altt'inalo or siil)-op]>ositc ; in the wider elements the pits 
may be in four or live alternating ro\\b. The bolder averages l()*r>{jL 
in (lianief(‘r, the pore is rather large and omadar or broadly t'Diptic. 

Th(‘ medullary laws aie \eiy nuxiierous, all iiiiis^^iiate and rather 
low; as a rule only tJire<^ to ii\c oells high, tliey seidom exceed ten 
(‘.ells in Jieight. The cells as seen iu radial sections aie several times 
as long as high, each cell spanning two to four txacheids (PI. 24, 
lig. 5), The horizontal and tangential walls appear smooth but 
this may be duo to bad preservation. In each ‘ fi<'ld ’ there arc a 
Jew (one to tht(^e or four) oval or (drcular juts devoid of a border 
(PI. 24, tig. 5; Pig. 5). 

Locfditjj, — Between telegraph posts 133/18 and 133/L9, about two 
miles west of Asansol (East Indian Bailway), Bengal. Collected 
by Mr. K. P. Sinha, formerly of tlie Oc'ological Department, Benares 
Hindu University, in July, 1920. 

Ilonzoii,- Kiimarimr sandstone (—to]) of the Baniganj series, 
LoAser Goiuhvaiias), liomotaxial Avith the npjior Permian of Europe. 

Tij[if^-i>jKri'weu at the Geologi(jal Departnumt, Benares Hindu 
University. Fiagments and thin sections in the author’s collect- 
ion «‘md in the collection of the Gcologiial S^urvey of India, Calcutta, 
(Reg. No. 151(18). 

OTHER SPECIMENS PROVISIONALLY REFERRED TO 
D. ZAtBSSKYL 

Till the pith and priniaiy xylem ]iav(^ been examined the other 
specimens cannot be definitely refen ed io this siiecies, ])ut the ex- 
ternal appearance and the stiiictuie of the sccondaiy w’ood is ident- 
ical. The big tree found in 1924 and no%v in the Indian Museum, 
Calcutta, w^as very badly preserve<l. In the sections brieflj des- 
cribed in 1925,1 pits of the hexagonal type only were then observed 
but the only spots Avhere bordered inis w'cie at all discernible were 
a fcAV minute specks W’hich just gave an indicalion of the pitting. 
The type-specimen was found very near the big tree and might 
easily pass for a Jwanch of it. 

The sjmill trunk, al)Out seven feet long, discovered just south 
of the Kiunarpur cutting, is also preserved in tWcutta. Sections 
from a fragment of this specimen arc figured in Plato 24, figure (i, 
and in Figures 6 and 7 on page 420 ; they show that the structure of 


^ Bradshaw, £. J., and Salmi, B., op* cii., p. 77, (1U25}. 
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In ^ooil la ilcntical \Mth tliat ol tlic ^ in n* 

AoV V 'yet k’^oxMi of tLc pilli and piimaiy 

^ 1 l::=» tiee m the miibeitoi at P<dna Ixa^ no'" be j. t ^ - 

Jill 111 nix Sv^otionb, bnt there is uo leason to 1 d eve tKi'' d b<- 

)jj, u> d (litleicnt specie^ The tiee nguied by Di. Fo\ in 30. 
iLo h ])eloi3gs to the same Sj>ecieb 

COMPARISON WITH ARAUCARIOXYLON ROBBRTIANUM, 

SCHENK. 

3 I • ^he name J. lobeitiannm, Schenk united /oui diliMont 
& (.LUfns rf inknoivn goologual age, vvhioh oamo tiom surh \\id(l\ 
b ] t u ^oealltle^ as \«^ansol m Eastern India, Mnngali ni tto 

*^enf d ?n> uves, opd Tla^ancOlO in the extreme '.oiifh llu pdh 

■>'‘1 in vood ufTt not ])u«eived m of the specuuens, tlii-s 

n*’" do 1 oiil^ ink'' bpeoiLK 01 even gennie deteiminatioii (iilliiiiU. 
Sdr V ^ Hut df-*fiiption vas Inscd upon the be^t-picseiMfl ot 

t>ii M ti ueiis but nnfoitiinitelj this suer mien uns not spiei- 
i( ‘ F i ♦ d ^ Jnrt^ gi\ni i^a'-ons ioi tlie Meu that J toh( fi m 
f(iii i ’\ iiidubd iuo Ol moie sjiecies oi even uunn It 

K 1 1 1 I diit Schenk’s V insol bpccmien belongeil to 1 ) , 

but »ms ccitiin that his desciiptiou ol A, hUhA an 'ru va*- 
11 upon it, because he deboiibes mcdullai) lays lommoiih 

21 otlls and sometuneb exceeding 10 cells in height, \^hilj m J), 
they weie veiv much lower. 

COMPARISON WITH OTHER DADOXYLA PROM QONDWANA- 
LAND; DADOXYLON KRABVSBLh SP. NOV. 

AYbile D. z'ilei>^ltyi shows clear affinities with the Dadoxjla 
ehna^Mis^ir* of the southern flora, it is not refeiahle to any of the 
known t' De« In the possession of sclerotic cells m the pdh, it 
clirteis tj-OiU all the known southern species and resembles -f-iie {Siberian 
J/c!sO?y»^ys Hnhcftcheffi Of the two known Indian species, D indn- 
un, Holden , 3 is at once distinguished by its peiimedullaiy zone 
of tiau'-fu'^ion tissue, by the presence of paienchjma in the pioto7*v- 
lems (m the nolal region) and by the fact that the ladial pits aic 
contiguous snd only in one oi two rows Of the othei species 

1 Fox, C. b . op c*t , Pi. SO, (1928). 

^ Sokm, B , R^c Gijol Surv Ind^ LXV, p. 442, (1931). 

® HoldexL, R., op. e%t , p, 315, (1916). 
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2). bengrdensc^^ only the ?eoo*iJary wood it> known, but this is quite 
distinct, tho bordoicd pil-. being unusually small (average diameter, 
1 (jl) and grouped in r manner somcnhali looalliiig (^aU'txylov, 

The Falkland wood, 7), hfftnnenst , Hallo, ^ rosemllos IK zrncf>,dy'i 
in its low niednllajy ravN and in somn other foaniro*', Imt tho ftiuot- 
ure of the piili is dilin ‘ut, \vliilc Iho l»ouVred pitf air usually 
biscriute and api^aronny a]\'ays rontiguous. l’h( ^]e(Jt{' n\liOsc 
seeondaiy wood inosl iu«nl\ ifsemldos lltai of T). zah^^shji is 7). 
(i7‘hm\ Sow., a latlior ''agu(lv defined ty]>e widely disliiljuted in the 
southern hemisphere. Ihit as ihe name A rabai has boon appltod 
to a variety of wood^ vliidi probably ii dude more Ihan one spe('jes, 
it will ))e ne^jossary lo (onipaio them individually, 

(а) The species 7). nb< ?, Sow.® (oiiginally nnjuod Jravcanojiy- 
Ion ansUfilr, ^rbor), * nas foimtlod on Ansirnlian spocimons showing 
only the secjondaiy wood, a tissue W'hich is unreliable for diagnostic 
purposes when we are dealing with w^oods of the Dadodtylmi type. 
Assunung that those spocimon,^ all belong to tho saino species of 
plant (which is uncoit*n’n as tj^o data me insuflioient), i). mhui 
differs from the seooiulaiy wood of A mhh^lyi in its higher medull- 
ary lays, its more nunu'rous fa-ld-pits, and in tho (ondency of tlio 
l)orde7‘<Hl ])its (o foim gio»i]HS. 

(б) A South Afri<jau with pith and ])rimaiy vylom pre- 

s»u*votl, was assigiK'd l);v \V«»llon to A tnhi} in view of Iho r(‘Soinb 
lance in socoiulary sliuttuio. In identifying this and sonu' other 
w^oods with A urbrti il wa. (lefiiiilely int(‘nded to imply that no 
account is taken at ])rosejit ol idher structure's than tliost' of the se- 
condary wood.® The naiii»' A urlcn has thus come to bo ust*d 
in the sense of an airgrogate species. 

The South African plant agrees with D. zahsskyi in having no 
specialised pcrimedullary zone, but the pith is devoid of sclerotic 
cells, the medullary rays arc higher, the pits in the field arc some- 
what more numerous and rounded, and the hordoied pits on the 
traclieids tend to form groups. 

(c) Tn another Soutli Afrujau wood, dcsci'ibod by Wairon, ® 
there are irregularly reticulate cells between the protoxylem and 

^ Holden, 1?,, op. oU,, p, 320, (1916). 

3 Halle, T. G., BuU. Oeol. hist. Univ. Upaaia, XT, p. 64, (1911). 

® Seivurd, A, 0., ‘ ‘Fossil Plants % JII, pp. 255-356, (under J>. nicoU, Sow.}, (1917) ; 
ibid, TV, -pp. 177-178,(1019). 

* Arber, E. A. N., * *rho Glossopieris Flin-a’, (homlon), p. 191, (1005). 

* Walhm. »7., Ann. 8. Afr. XXII, p. 2, (1025). 

® Wairon, E., Ann. <8. A/r. Mua., If, Pi. 3, (1012). 
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tho pitli. Thebe alone would beivo to dibtinguisli tho uoucl fioni 
D. zalesshji, but there are aho other points of tliffeu'iioe. 

{d) A ‘Falkland wood oiiiijinally named 7>. balceii^ was later 
ideidified hy Walton® ^\iih D, mbeii, the seooiulavv sliiK.tuie lioiiu!; 
tho samo. D, yfhs'ikyi diffiTb fiom I>, bairn in its low in(‘diinioy 
rays, in the ahbouee ol tialkooula? in l]i<‘ tiadioids, in ilx^ fait that 
the l^orderod pitr^ do not tend to ho in i^rimpb, and espeebdlv in the 
abbonet* of any bi^eeialisr'd i>eriniediillaiy tissue. 

(e) Aiiotliu* Falkla’id wood, iinpeifectly kn.>A\n bat |)u>\ isioiudh 
refcriod by Halle ^ to 7). angasdm, Felix, was also bioiiuhl muter 
jD. arhri by Walton® the diffeioueos beiiii^ iei>aided as iiiNial. Oidy 
the secoinlaiy wood is known, "From I), udr.^dyi this wuod ibllers 
in its very narrow^ inodnllary rays, which also attain a greater lieinht, 
in its thin-walled tracheids and in the fact tliut the linns ol growdli 
are not shaiply marked. 

(/) 10*20 Salmi and Siiiyli nssii^nod to I), atbni a wood from 

the Sugar Ijoaf Ibuigo in Ihe Xew.MsIle Coalfield, New South Wales.® 
The stx*ondaiy wood dilTered fioni that of 7). (olnn in a Jew iioints, 
whi(*li wert‘ tlaui (onsid(‘red uiiiin porta nt ; a closer i(‘s<un(»lan(*(‘ was 
noticed with Araaraiiotyloa daiafivci, Chapman. In viiwv of tho 
differences from 7). mhoi in ihe f'ecimdajy wood, but chiefly owing 
to tlie very large ]uth, Kraiisel ^ suggests that Hu* specimmi from ilu‘ 
Sugar Loaf Ihiugo is distiueti from botli tluse spo(‘i(*s un<l should b(‘ 
given a new name. Seeing tlie justice of this criticism I have ]>Iea- 
sure in naming the plant Dadoxylon IctdaMli^ sp. not,, the iype- 
speoiraen being represented by Figs. 1-5 and IMP) in Sahni and 
Singh’s paper.® 

From D. hrato^eli, too, D. zulesshyi differs on account of its 
low meilullary rays, its fewer and larger field-pits, the alibiumo of 
rims of Sanio, and the sclerotic nests in the pith. 


^ Dalton, J,, Qvart Jmnn,, Geol ffoc,, LXXIX, 

p. t>£0| ’ 

* Walton, J., in Seward, A. 0. and Walton, J., op. clt., tj . 327, (1923). 

•Walton, J., op. eft., p. 2, (1923). m / 

* Hafc, T, Q., op. cit., p. 68, (1011), 

* Walton, J., loe, dr. 

f Shiah, T. 0. K., Jmtrn. I td. Bot. Boe., V, No. 3, pp. 103-112, (1926) 

AM R., m Krausel und Range, ‘Beitr. z. k. d. Karmfonnation Beatsfh-SSdwcst. 

Afnoas, 11, Fossil Pflanzenresie’, p. 46, (1928). ouancst. 

*>, */Pf “<•* ptewjrvud in tho fossil colleotioncrf 

the Qeologioal Survey of India, Calcutta, under registeied type No. 16496. 
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COMPARISON WITH MESOPITVS TCHIHATCMBFPI 
(GOEPPO ZALESSKYl. 

An intcrcsiiiig point about D. zulehukyi ib that it reyembletj Meso- 
pUys (formorly IJadoxyloti) ickihahlw^i in the pobfc'c.sbion of bolerotio 
nests in tlic ^ntli and in tJio absouue of sooretiory sacsJ Sclerotic 
nests aj‘o notr found in any other known species ironi Uondwana 
Land ; and tJie soiitJiern Dadoxyh as a rut' have secictojy ele- 
ments ill tlxeii pitJi. To tliis cxtuil, therefore, D. znhsskyi diifers 
troni the sontJiejn types while resembling a noithern ioim, an 
ailiiiity whicJi is periiaps not entirely iiiK'xpecteil. Jhit the pith 
of AL lcliUi((lcli<;IJi is small, and it is jirobable Ihat sojno of the primaxy 
bundles are niesarch.*'* 'Fho pitting is also dill'ereul, 

THE FOLIAGE OF THE INDIAN PALAEOZOIC DADOXYLA. 

The Lower Gondwana rooks of India have yielded tlu*eo species 
of Dadoxylon and three species of leaves which are presumably Cor- 
daitalean,"* Hue in the present state of knowledge any attempt to 
correlate the stems and leaves is futile, the more so as one of iJio 
leaf sjiecies {N. Ilislojpi) lias been recorded from several other Gond- 
wana countries* and may c<pially bo claimed by other Dadoxyla, 
The nimiber of Dadoxylon sp|). at proseiit recognized in the Glos^sop’ 
tens llora considerably exceeds Ihc number of leaf species which 
<ian possibly be assigned to them. Wither some new types of leaves 
rcniain to be discovered or one or nioi‘e of tlie known forms, ejj,, N, 
Idsloyi, arc aggregate species. One may say with some confidence 
that at hiast the Tonkin loaves ligured by Zeiller® as N. hislopi 
<lo not belong to tlie same plants os tlie Indian loaves. The some 
may be true of some leaves from Mexico figured under that name by 
Wielaud.® 

^ Zalessky, M. L)., M6m. Oonu G6ol. Jiusete, (St. P^Lombourg), N, S., 08, (1911). 

- Sevpard, A. G., ‘I'^osbil IIX, p. 295, (1917); Sooit, O. Q., ‘Studies in Fossil 

Dotauy \ U, p. 283, (1923). 

3j0. indi>Gim, JL>. bcHg^ilensia (Barakar age =* Lower PernUan), Z>. zatasahi/i (Raniganj 
ago =» Upper IViniaa) ; *V, hihhpi (ranging from Talcliir to Paxiobofc age, that is from 
Upper Carboniferous to Trias), iV. aioUrzhanns (Karkarbari =» Dpiwr Carboniferous) aa<l 
jt^uryphyUmi wfiUtianum (Karbarbari» Upper OarboniferotLs.) 

^Argeutina, Brazil, South Africa, Queou'^land, NeW South VYtilesand Tasmania. 

«Zeiller, K., ‘Fiore fosaile des Cites de Oharbon da Tonkin’, (Atlas), PI. XL, figs, 2-4, 
(11H>2). in ZeiUer’s ^ures the veins oonvergo again towards the apex, a feature never 
observed in the Irniian leaves. 

*» VYielanl, U. li., ImL GioL Mavico, No. 31, PI. XXXVlf, fig. 1, (1916), shows 
a leaf differing both in its form and in its more spreading veins from the true iV« hialopt. 
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The identity ouce suspected between N, hislopi and the Sib- 
erian loaves Oordcutes (squolis,^ which Pi*of. Zalessky 2 has assioned 
to tolii/bdcheffi, also seems untenable; Mr. M. K. l^llitishe- 

viti*h " has loiuid that the venation Is dillViviit ; moreover, Ihe 
anal )niy of th^' Indian leaves is still iinknownj nor has M. tcinhatclicji 
yet been found in Gondwanaland. 

The Asansol fossil is named i). zolcsHhji no a tribute* to the dis- 
tinguished work of Prof. j\r. D. Zalessky on the J^ihuozoii; floins ol 
Sibeiia. It perhaps affords some little bn]>porl; to tin* vi(*w Hint 
the PaIfeo55oio flora of the Angara series was more akin to Hint of 
India than to chat of any other ])*art of Gondwanaland. 


SUMMARY. 

The new species Dadoxylon ^alcsHki/i U based upon a silieiliod 
stem found near Asansol in the lianiuanj \ 5 oalfield, Rem^al, in stratti 
assigned to the top of the Raniganj of Hi'* Lower Gondwnnns; 

this series is regarded as homotaxi«i] ith rlu* Upper Permian of 
Eiu'ope. There is a large non-discoid piiroiudivnialous piHi (l(‘void 
of secretory elements but conlaiiiing soatU‘r(*d Jiesis uf sclerotic 
cell*^. The primary bundles arc eiidan*li and abut dinuiHy U[)on 
the idth; the centrifugal xylem iiassos insensibly into tin* s(‘con(lary 
wooil. In the latter sharply marked growth-rings an* S(‘en. On 
the i‘a«lial walls of the tvacheids the boi*dei(*d jiits lie In one to four 
rows ; they are mostly of the rounded di'-tant type* (o])positc or 
alternate) but the contiguous I. type is mLso re[>r(‘sent(‘d ; 
the medullary rays arc low; pits in h *ld, one to three or four, 
largo 'simple, eiroular or oval. H »m]>aiisous with several specie's 
recorded from India and other (.ioadwana coin. tries as well as 
witu th: Siberian form Me^opitfftt Iclvhdchf^ffi^ Goepp. sp., reveal 
a general affinity with the Dadoxyla characteristic of the Ohmoptens 
flora, hut the absence of secretory elements and the lU'osenoo of 
sclerotic nests in the pith are interesting points of resemblance 
with the Siberian species. 


ife')?'’"™” 


* Kosmovsky, C., BvM. Soa. Imp. dea NatumUstfs de Moseox, No. 1, 

Zatemky, M. D., Mim. Cem. Qiol. Bmame, N. S., 86, (W. KtCTHlwiire), (18—,. 

•>Zaleffliky, M. D., BuU. Soo. Oiol. France, 4th wt., XXVTI, faw, 8-9, n. 38<), (1917), 
and Mi m. Com. Qiol. Hzwaie, N. S., 174, osppcialiv Pis. LV-J.rX, (1018). 

■Tain indebted toMr.EliaBbevitcbforalett«ijinbichbefa»owi.il)at in 0. aeqnalis 
tho veins w more spieading and begin the niaigln at ibo veiy bate of ihe leaf, 

white te S . they we more nearly paiallel and only reach the margin in the broad 
part ui the leaf. 
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So far as it is known at present, D, zalcs&lcyi is confiii< <1 lo a part- 
icular horizon (blio Kiunarpur sandstone stage) in tlie Eaniganj 
serif*^-., which is ohaiactcrisod an aloimdance of fossil wood, a 
gloat pail ()] \vhi<di seexus to have belonged to this species. To 
judgt' by the size of several silicified trees recently found near Asansol 
the i)lants may easily have attained a height of 35 to 10 metres ; 
and they prol>ably giew in great abundance. The major branches 
were few and apparently came oft at a nanow angle, Imt there woie 
numerous small brancJies, of which the scars have boon found scat- 
tered over the main tmnk. 

Neiiher bark nor roots are pioseivod. Nothing is known of 
the loaves; in the JJaniganj Coidaitouii ]eu\(»s oJ tin Noey- 

gi'ud/ifoiJ'-L hhloin type arc abundant ; Imt theio is no ovidonco ol 
a coiinoxiou, and there are sevejMl specji^s of Dadojylon lo claim 
this ioliag(‘. which is also found in other pa its ol CJoudwunalaiuL 
A ^pooi^loll of Dadoj'jflo/i from New South Wales, pjcviously 
assigned to the widely distributed but vagiidy d(‘Hnod species IK 
rSev. <nd, now jJaced in a now spooios, Z>. Um>di, 
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Pl^tk 2,‘?, 1. — Jhahmftiu^ r//< ss////, N|>. m)v. ''i\y|)c-*>pe<.*imcii. ( ^ ca.lj^), 

Kid. ?. 'r\p(‘-rtpo(*lin(Mi. ol a Inaiich. ( 1). 

Kid. I#, Pail of t!u‘ .'•ana au 8). 

Kid. t.“ 'PyiM spicinun. (’los^ ..(*t lion ol iiiaiii axis at (/(Fi*’. I on 
j>. I Hi), oiiiriii of i\Ao ( ca, ‘i5). 

Kid 5.' -M’\ po-H|n‘ciin<*n. Loiiiiiliulinal s( cf am of bnmah. ( JO). 

(/>/*., ln}nif‘!i ; l<‘af-1racc; p., pith; /d., protoxylom; 

piiniary l<‘m ; .i % wuMMulary xyh'iii). 

IhiATia 2f» Fid, I. /JdfAd//A>w rrrA ss////, sp. no\. Tyia'-.spooinioii. Cioss-goclion 
ol I lanoli (« show >!tni(*tur * ol pith. ( or. fil). 

Kid. 2.- J*art of Iho ahovo Mrlion, to show asckrotk* ncM. (; 
ctu U2). 

Kid. 3. — ^^J’y|)o-apeoiiu<‘n.— Longitudinal fecoiion of hran(‘h, to sliow 
struoturo of luih. {y r<7, 70). 

Fid. 4. — ^I'ypo-spooimon,— Bordered pits in spring wood. (>' 4C0). 

J<'’iCL 5. — ^Type-Hpeoimen. — ^Radial section of branch to show a medul- 
lary I'ay uith pita in the field, (x ca, 300). 

Fki. 0. — lladUi sootiouXioni ainall tree found south of the Kumar- 
j)ur cutting to bhow distribution of medullary rays, (x 
1 7*3). (Ar/., sclerotic ceUs ; L lumen of seliTOlic cells ; 
rrd’., envity in pith ; ;wr., parenchyma; autumn 

wood ; H])i‘sng wotxi). 



m 


Hiicohh of the Ocolmcal Stmeji of India. T Vol. J jX V F. 


A Fossil. PlBNTALOCULAR Fruit I ROM PONDIC:iIliKR^, 

South India. By B. Saiini, Professor of UoUiuy, 
Lucknow. (U'ith Plate 2^.) 

INI'RODUCTION. 

Tli»J hliown in tlio natural ^,ize ])lioluoraj)ii lomuiy 

IMaLo ‘27), limine I, was kiiull} lent to mv for (Irntrij^lion suvural yrars 
a^io by J)r. F. A, Batlior, F. R. W,, tlien Keeper of (!(‘olo»;' ai the 
Ib'iiish Miisoiun (Naiuial Hibtojy). TIku’o b no reoonl of the a^ 
oi th(‘ fossil, but tlio nature ol the matrix,' <oii[)lo(l v iili Uie far ( 
tluit the locality is slaL*'<l art Pon<liclieny, indicates thal (lie 
either ladon^rt to the Oiuhlaloi\‘ soiiert (Tertiary) or to the 
Upi)er Cr<‘tae(‘ourt.® I'oth these* formations are represented near Pom 
<lit.h<‘tiy. Mr. I). X. W.ulia inforruri me tJiat about, ten nji!(*s W. N. 
W. of the toe It, lht»n' occurs an outcrop of Hie so-ealled Poiulb 
cheriy <h‘e1ae(‘OUrt '' siiiiouiuled to the east as well as to the wef't 
by bauds of (huldaloro siiiulstoues. 

A r<‘\v Iraji^numts of molluscaii sliclls are embedded in tlu' same 
matrix a.-i lh(‘ fiiiit, l»ut. it has not been possible to idcaitify t]i<m. 
The natuie of tlie matrix itself, how'e\er, points too Cietatcous 
rather than a Tertiary horizon. The following description is ]>a^e<l 
upon p(‘tiological reports kindly su})plied by the Cfcological Kur\e} 
of India end by Air. W. (^impbell Smith of the Britirh Miu-tn’in : 

The roek is a eery hue-grainecl calcarooiis grit, eoniaiuing a liigli proportion 
of angular saiid-giains, oi-tboelasc and i)lagioelaso felspars, hornblende, garnet, 
spinel, sphene and opatiuo block ores, cemented together by an abundant calcareous 
matrix. The general iiebhuoss ot the felspars and the angular nature of many of 
the fragments suggests that the rock has been formed of the decomposition products 
of a gi’onitic rock or gneiss at no great distance from the shore. 

Air, Cumpbell Smith also very kindly undertook toccmji^n* 
this rook with a specimen from Eautankuppam (woht of PoiK'lk'heiiy, 
near tlie French liordor), which almost certainly 1 (‘longs to ID* 

' J am very gmteful to the authoi HI ch <)f the Britwli Mubeiim for Du* loan ol tJir Io<.hiI, 
and to the Dhvetor ot lheOt*olo#rlcal8ur^ej ol India for having the niatriv peli’olueic aU\ 
examined fivr me. The iNK*k i». a tine-giained calcareous grit in wliieli a few unidenti- 
fiable moUubcan sIicHh are embedded. 

a Wadia, pp. ‘->05, aoo, (19l>0). 

a Waith, (1S95 ) ; Kossmat, (1897), 
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Valiidayiir or Ahisoccrm beds of Kossmai^; l.lic matrix boro su(‘h 
a stiildno external restanblaiiee to that of tlio liist sjjochncn that 
a d<*tailt‘<l roinparison seemcKl ])i‘omisiiig. The result of ihis (joiii- 
ptnirtfui, summarized below, speaks foi itself: 

n<)lh rocJvb are v<‘i‘y fiiio-grairicd ealcaieous grits. Both contain a high 2>ro- 
2 )orlion of aiigulni* &«iu(l grains, hisolublo in IlOi. Samples separated hy dissolving 
tJie linu clones in dilute IKl yi(*ld j^iniilar assemblagos with minor diJlerences. 
'riu‘ iniuera Is o) )s<‘r ved in both rooks a i e as eiiu nuM’ated in the description given above. 
'J'ho lock from Jttiutankupi>ain luus smaller grains; icls])ar is r<‘latively to quartz 
juiK'h rnoi<‘ abundant » gauiei and ojhujuo ores less so ; also flakes of bi'own biotite 
are ])i(sent. * 1 hhoM my that the tiro rotiL^ are nnl from fhv h(un( locMltiy, hid they 
might inli he froitb the mine Jorimdion,^ W. C. 8. 

^ am i^reall} imle()lod to the aiithoiitieo ol (he ()eol(»;gi(‘iiI Purvey 
of India, PioL Itaiiia Jbiu, Mr. ^Y. N. h]dwar<ls and o^peeielly to Mr. 
Campbell J^mith; thankfj to the trouble taken l)y tJieso geiillemcii, 
it ha*^ be(‘n possible U> deteuniue tlic ago of the ior»sil us Upper 
Oretatecais with w»mo degree of pruhal'iliiy. It is also a pleasaiit 
iluty to (‘\[)ri‘ss n»y grutitiule to the authorities of the I'riti&h 
Musoimi fur j)erniLssion to investigate llio material; to Jhofessor 
A. 0. sSev^'ard, F.lhS., for his valued ciitiuism, and to Professors 
l\ J^aviju ((^ittack) and W* Agharkar (Calcutta) for helpful sag- 
oesti(M»s in <jomparing tJie fossil tvitli modern angiospcim fniits. 

DESCRIPTION- 

From tJio pliotx)graph (11.26, fig. I), wLioli represents a slightly 
obli^pie dome-shaped oross-seotioix (comj)uro fig. 2), the peiitaloeular 
nature of the haiit is quite evident; one of the loeuli is alioitive. 
The fruit is hei’e about 2*7 om. in iliam<*tcr. I'Le small rouitd 
cavity at* is no doubt accidental as sections Lave shown. 

llie fossil was out along the planes marked in fig. 2, Plate 25. 
As indicated in this diagram, the fruit rounds off at the low^er eiul. 
The lengtli of the fruit is unknown, but the indications are that it 
was not much longer than broad. At tlu^ hivels !>, C and D, the 
remains of five radiating septa ai^e clearly seen ; at K they have 

^ This Bpecimon was oollcotod by Mr. H. SitaramaKau, B,So., of Lucknow T^niverfiity, 
durino; a rrceiit e-iccurbion to floulliom India. I am informed by I'rof. L. Hama Han 
ol ibe (b‘(douy l)oi>artment, Ocniial Bangalore, to vhom alho the ^penmen %vaH 

hubiniUed foi iiisTwelion, tliat this type oi lotk i- fairly common near Bantariknppam 
and Tulipet ; sec Warll>, p. 17, (ISOfi) and Koshniut, p. filt, (18U7) %Uiexe ihvhe loeahtiis 
uio nicnlioiit‘d. Oonbideiing ike locably Avbeio it vub ft nntU and the liut that the lock 
is crowded vith Tvinhlla and other marine sheik, its reference to the Pondicheiiy Cxet- 
aoeovs is scarcely open to any doubt. 
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l)coomo iuilibliiiol. In (‘aijli lonulus, oNuopl. Llio ;a>oi*iivi‘ oik‘, llinn^ 
is a siiiglo lar^o sliglilly c.oiupiVKhvul twii, j'Luu'd with Ion;f iwi.s 
voufckjul aiul wiUi tlic major UmusVvmv* aiiuual,<'r radial. Tlir hO(‘iLs 
were ovidout.ly of vory <*ousuk*ral»l<* loini,iih. a^ l\v<) ol tluMii li.u'o 
b<-‘0U followed <lovvn to the l('vel 1) (IM, lio, li;*,. 

Tlio slriujliuc of the. Inut wall and ol liu* is not. olearl} 

prosorv'ed. Tln‘ wlioh* apjiearatnje, liowtaer, suu.i'esis (hat tht‘ Iruii 
vviu nut woody. Tlio soeds * 0*0 not hin*^ IVetdy 01 the loauli bid ari' 
embedded in a. undrix. whudi appears io have lavn oomparatiNidv 
soft and may oven have IxMtn sinauileni., as in a ^apola fnut (sapo- 
dilla plum --Je/^rn.v In the oeidral a\ii a .mall iin*^ ol 

liglit-oolunrod dots (PI. 25, lig, 3) no doubt repn\sents l.ln‘ Nasiudar 
oylinder. Tkc mode of altiicjlimout of the ovuI<‘s is not visibh*. 

In one of tlio seeds (No. 2 in ligs. 1 and 3), th'‘ lorin and stria. tup* 
of file iuteguiuerd. is fairly well presorviMl. Owing to tiu* obJiipaty 
of tlio scobioii the seed-oa\ifcy iiero appears \\i*ler along tln‘ minor 
diameter than it aotually was. Figs. 1 and 5 slunv (hat at llu‘ h'vel A 
th<3 integumcul ounvergi'd lowanls tln‘ outer side inlo a bealv-liki* 
prouess j but as the same feature is semi at a level I mm. lowm* 

down (lig. 3), this process is more appropriately compared to (lie 
keel of a boat, in lln^ region of this land, wliiidi must have e.\l ended 
lor at least 1 mm. along tlio ouhir ijuirgin of the sei^i, lln^ iule«»inneut 
is markedly thickened in a. <duiractm*ir.tic manner (iige.. I and o), 
sumewhab recalling the, tiacunch* of sonu‘ Kn[diorbiae<‘ie. In ligun h, 
the narrow [n’olongation of the set‘il-cia.vity aJniost ivaclies tln» sur 
face, suggesting tlui proximity of an outwanlly ilirected luicropyle, 
which again njminds one of the Miipliorbiaeave and a fmv other 

families. 

Over till* gnMtin* pari of the seed, tlio iniegiimmit is about d*75 
to 1 mm. lliick, and no doubt formetl a tough shell, with a smooth 
exterior. It is <{l(‘ar]y <litlV,rmitiated into two layers. The thick 
outer laym* has a prismatic stnictiiris, the wliaunar celki being 
plaeod vertically to the surfaite; the preservation is too poor to 

show whether this laym* mmtaiued any products of secretion. T’h(' 

inner layer, seen as a thin while line in liguro 3, does not sliow any 
structure. The coutmits of the soimI cavity ar<3 not preserved 
except in soeil No. 2, where they arc too badly shrunken to bear d(‘S- 
oription. 
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DISCUSSION OF AFFINI II12S. 

Tlior(‘ would m‘m to In litflo douhi iluit tho fruit Ix'loiigs to a 
(li(*otvl(M!iUU)Us |)laiit. 15ut witlioid JuIKt dala, it is uoi. povViblo 
to <Kd;(‘mun<* tlu‘ allinitios, aitlioui^di M*\(Mal widl-dullunl feii- 

tiir<‘s n\v pru.soi vod. Tliu lunnhfu* of e\d.siin<» di(‘ot\ Icflonou,! i’ainiJioR 
in wiuVh 1lion‘ i,s n .svjK‘arpoUf» multilouular fiuit haviiij* a .single 
large mmmI in tae.Ji loeailus, with a. tlueJc two lauuHsI nitegiunent 
and with ilni nii<‘ropyl(‘s fae/mg aw'ay frojn tli<» axis, is md large*. 
!f tin* fossil belongs to a Ii\ina' family, it may !ioi he diilhadt for a 
.*>\sl<‘nmt is! to plaea* it in its exael position. Jlut 1h<*i(* are, in ad- 
dition, many otln*r J‘ami!i(‘s in whieh the slnu/tnee o\ the fruit \aries 
llirouiih a w'i<le range; this fant makes the task of eomparison 
elifluaiH. Nor eau wa* exohule tin* possibility ihaL tiio fossil belongs 
to an extiind. group. Ko far as 1 have able to censuJt the 

lil(*ratur(*, I ha\<* not conn^ aentss any pariieailar gt‘JUiS 5 either living 
or fossil, w'iiit whi<-Ij our fossil agr(*t‘s suiru*ie‘nily w't‘ll to he id<‘ntirio(l. 
On th<‘ whole* an adinitj wilJi 11m syinpe^taloiis tnde*!* Rhenales of 
lfingl<‘r (which inclu(le*H the familj<‘s Sape»l.iiciW and Hll)enace‘{n among 
otln‘rs) soe‘ms more pre>l)a.hle 5 than any otlter. 

In its g«‘n(*ral #'harae:te‘L- the feissi! .dutws a fairly close re‘se iuhlatn e 
to tin* g<‘nns e»f hiime'tis (/SV.'/;o/n, IMmnie‘r)h Tin* Sape)laoefX' 

art* fairl\ we*ll r<‘pr<'se*nt<*el in the* tV‘huM‘ous and I'eatiarv of both 
nhe* ne»rlli(‘in and southern ht‘*nisplM*»*i*s, by h‘jir iinpn'ssiem.i many 
of which are* proha hly eorr<*etly assign<*el to this fanniy,- 
fossil wetods have* aho b<‘0ju aHsigned to tho gemiw ^V/p/e,r///(m fdvx/^ 
Tluj mo!iotypie g<‘mis Avhnw^ iu»W’ confijit'd to tin* \Ve*st Indiess was, 
atxjorehdig to lk‘rry,'* represented by llirec speeaVs (based on Jeaf- 
iin]»ressions) iji the Miooe^ne of Kurope*. J\l<*nzel slates,^ however, 
lluitr tb<i fossil fruits which have been reforrt'el to the FSapoltioeco 
show^ nothing to ]irovo that they belong to tJiis family. 

in our fossil, tln^ tioints of res(*ml dance with tlie sa])ota lie in 
tile imdtilooular nature of the fruit; in the i)resencc of a single 


' For a de^tailcd (loficrlnlum e»f*l(7emA wjoia, in Eiiglcr and 

Praull, np. 1 :j 7.138, figH. 73 A-B, (1897), 

^Moruiel in Potoni^-Oolhan, p. 399, (1921). 
a AVe* Fdwardn, pp, 74, 78, (19<11)- 
M5orry,v. 238, A, (19U). 

* IjCC, eit» 
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seed in each loculus ; ^ and in tlio size and form of the seed, wliioli 
in ])Oth oases is |)l<ico<l voitically, ^\ith the major dianietoi radial. 
If the iliicktsicd mari;iii of the inte^imienl, to ■vvliioh aiteiilioo has 
boon diinvii, marks the ]»osition of (bo hiliim, liavo a further 
point of siinilarit}" altliough in (lie sapola tlie liiliiin i,. noi nsirMa 
by such a pionouuoed tliiokenin^ of tin* t(sta. 't’lie K'eds oi il,e 
lossi], lik(j tlioso of ilio sapota, evidently liud a hard, v-"oody testa, 
diffcrontiatccl into t\”o layers, but the Htructurc (»f the outer 
was diflorent. X very important point of ditlerenoo, however, 

lies ill the position of the mici*o])yle, which faces inwards (tovvards 
the sxxhi of the IVnit) in the modern genus, while in the fossil, as we 

have seen, it jwobably directed outwards. Were it not for tJiis 

ditference, there would probably have been no serious ol>jt*ciioii 1o 
our asKsigniiig ilu' fossil to tln^ ‘Sajjotaeoa*. 

Another iiiotlcMni genus with wliHjh ]M'rliapvS an even c1o»-»(T com- 
parison ma} be made is J)i(hpi/tos, a nuunl/ei* of (he allitsl tamily 
Kbenactro. 'Die Iniit of A hdi (perbiminon) resembhs our fossil 
and also that of Icluas* in se\TraI features: Iho ovary is innlti- 

locuiliir, with a single seed in each loculus; tlio seed is large, (join- 
pr<‘ftsed, with a (oiigli smooth shell, and is fdaced vertically in 11 j(» 
loculus with the major diameter radial. I'hc raphe, however, is 
dojsal and the mieropyle upwaidly directed. There can he no 
question of referring the fossil to this genus, but the resomblauce 
is undoubted. 

The fossil record of the Ebenaoeae® is much more substantial 
and satisfactory than that of the Sapotaccse. Niimorous leaf- 
impressions, parts of flowers (especially the calyx), fruits and ixd ri- 
fled woods® have been referred to tliis family, many of them apj)a- 
rentlj on good evidence, fiom (he (Jretacc‘ous and Tertiary of IMoj'tli 
Amcrh'a, (jn‘cn]aiKl, Europe, Afri<5a, Asia and Australia, lilaiiy 
of those fossils liavc been assigned to Dmpynm, but olher geneia 
have also been ideiitilied. From the early Tt‘i*tiary of tJio Panama 
Canal Zone Berry has described a petrilied multilocular fruit which 
ho has named T)iosj)^/m (lie transverse section (<'om- 

])arablc with our figs. 1 and 3 in PL 25) show^s soveral loculi of diffeiHUit 

^ Assuming, fts I ihiuk -we may, that the fossil fruit was not muoh longer than it was 
bxoad. 

® *Sfes Monzel in Potoni^ -Oothan, pp. 309-400, (1921), and especially Berjy, pp, 255-2(j*>, 

^^^•^id'wards, pp. 31, 38-3fl, (1031). 

*Bo*xy, p. 281, lig. 48 (8, 9), (1928). 
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Azqq i‘tuliat.in;j; from a ooiitral vascular axis. The rt^ferenco to ilie 
jronnK may ultimately prove to ho corioct, hut at jue^etit no 
Tuvihor (let<iils an* availal>lc in mi])port of it. 'Phis no^\ worM 
rt|)LM}ieM, how<*Ner, oUVrs tho noarost analog) amouii; lo^^il j)lautH 
that I havt* V'*l ht‘on al)le to tra<M* with tho I'ondiohony Irnil. Woio 
it not for llio sinuiture of tho iutoftunu'ut, and osp(‘(?ially Ilie ])Osi- 
«iou of 1h“ nii(*roj)yl(*, our fosbiJ migljt woll have ho<‘n aHHignod to 
tin* samo gtonn. In auv oaso tho robomhJanco, so far as ll’o otlou’ 
/oaturos aie ooii(j(*nie(h ib very close, and may bo duo to joal affinity. 

It now remains to refer briefly to a few other fniits, living and 
fossil, with whiodi our specimen may he coni])avo(l, although none 
of there <}oinj)arisons are so }iel])fnl as tlu^se ju.d indijaled. 

'Hie oul’vardly dirootod microijyle.^j of onr fos,dl n»oaIl to some 
extent those of ilu* ISuphorbiaceio. The resemhlaiiee is (‘uhaiaa'd 
li\ the maiked tlnckening of tho shellv integumont, uiihdi may ho 
(iomj»an*d with tlie (-avuiuh* eharact eristic i>r inan\ nH‘nil)ei‘s of that 
famib . 

The Sierculia<aso are another family in which tJa* fruit may be 
laigt' and nmitilociilar, while the ovules, too, may bo aiid hav(* 
their micro]>yh*s turned oiitward*^. Put I do not know of any 
single genus wliich comhiuos the characters of tin* fossil. LJiuler 
the name ^ Perry, ^ has figured a huge, 

apparently woody, pontalocular fruit from the Kocoin* ot Anierica ; 
but as no sections wore made, only tho (‘xtenud features are des- 
oribotL Obviously, thorcfonj, the rehwnoe to the Htcrtuirmcoa) 
must be rcgardetl as provisional. 

Tin* genus f>rzantidla of Mtinh'r-OJialmas, from the K(K}one 
tjavortine deposits of VraiKW, was referred on veiy strong grounds 
to tin* vSU'reuliaceto K The ovary in this genus was syiUMxrpous 
and o-huuilar ns in our fossil, but the fruit was (.apsnlar and had 
two s('ri(*s of hori/.ontally placet! ovules in each loculus. 

A few Alalvacea) and Dillcniacea* also possess fruits sliowing 
home of the chartKJters of our foBsil, but. the rostmblanco is not suili- 
cit‘ntly striking to deserve serious notice. OtJiei* familit's wliich 
may possibly afford a clue to the affinities of our fossil are tho Clera- 
niaoeie, Rutaocso and Zygophyllacese. 

In some respects our fossil shows a close losemblance with 
SaacofihUifi cipaconmsis^ Berry,® a pcntalooxilar fruit from the Tertiary 

iBorry, p. 28S; PI. 74, figs. 1-3, (1016). 

* Vigui<Hr, p. 6, (1908). 

a Borry, pp. 124-126; W. 20, figs. 8-16, (1827). 
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of Coloinbisi and IVm; auotbor hiuHiiis-., »Sf. tntiund, In'iit,’ i.s 
known from Bolivia. 'I’lio gcmis is moilein, a iiu>iulH>r ol <Iu> stn.ill 
and olwourc Soutli Amfiutaii lanuJy HiuuiuaciM'. I’Ik'K' l.^ an un 
doubted ro$omblan«c with our ft«ssil in ilia la'iualiK.iil.ii (.li.ii.u.lar ol 
Ibe fruit and in tlie presenoa ol a siugla l,ir';a saad iil.uad vailuadv 
in aaali louulua. But tliaca oan ba no <|ua!-lion ol uaiuu’a. nlonlil' 
or eveji a tlosa allinity. SaceoiiloUh lias a sloiiv Iriiil. vmIIi tin- 
suifaoe pitted with scorctoiy eavitios. In X'. iijHKoiniis^,, flia-a 
oavities exist also in the stout noody septa \vhiuli, moraovai, 
tbickeii outwards like wcflges. No ilatails of tlu* iutaguniantal 
structure are available, but in S. Uutiam Uia saad is shown wilii 
large and oonspiouous icsin pits. 

Tbe few selected ooruparisou cited above — and ilia number oould 
easily bo multijibed- -illustrate the wide range of moflern nngioopaiins 
through which a search must iio made for possililo indiciilions as to 
the systematic ])osition of oui' fossil. Tin* ooniparisoim witli tlu' 
sapota aud with i)iVwj)///os ara iha iia.ara>-t I Iniva b(“aii able lotr.ioi. 

For the reasons given aliovi* the fossil is r<*f<‘rr<‘d to a naw ganus, 
named alter the locality, the rasenibJanca with the onlar Kbi'iiah's 
beintr indicated by the spi'i'ilio tiania. 

Poiidieheirioiieu, gc^n. nov. 

Synoarpous nniltilocular fruits having a snigla large oompressad 
seed placed vertically in each fertila Joimlu«, with its major triunvarnj 
diameter radial; micro])yle outw'aidly directed (posit ion jof raphe 
unknown) ; integument hard, smooth, two-Iayeri>d, thickened near 
the micropyle. 

The nearest ailinity so far i-eooguisablo is with the Hyiupatiilous 
order Ebenales of Mngler, and esjM'oially with the ganom Avium 
(Sapotaocse) and Diohpiiroi (IllbeiuMseffi). Tbe only known species 
is— 

Pondickerria ebonalmdeu, sp. nov. 

A relatively soft fruit above 2*7 cm. in diamatar; loculi nboiit 0» 
one or more of which may bo abortive; integument uiurkailly 
thickened near the micropyle, forming a broad keel along the outer 
edge or tbe seed; outer layer of intogumeDt consisting of palisade- 
like cells. 

/xwdKiy.— -Pondicherry, South India. 

Qeohgiod age.— Unknown, probably Upper Orefcaoeous (««?« supra). 

» Beny, ^ 129-180, figs, la-o, p. 128, (1922). 
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EXPLANATION OF PLATE 

Ti ATM 26, Pia l.^Poidicherria ehenaUcidea, gtm. et. sp. nov. Photograph of a 
natiiial (wcathofed) cross section of the fruit. (Nat, size.) 

Pitt. 2.- Diagiani of a side view of tho Bpccimen, to show how the 
fossil was sectioned. Tho lomi of Iho fruit is shown in 
the dotted area, as if the ombodding matrix of rock were 
Iransparent. Fuither explanation in the text. (Nat. size.) 

Fig. 3.— Photograph of a section at level B (fig. 2). (x 2J}. 

Fig. 4. — ^Enlarged outline (diagiaxnmatic) of seed No. 2 at level B. 
(x ca. 6J)- 

Fig, fi.—Enlaaged outline (diagrammatic} of the same seed from level 
A* (x CO. 6jf)» 

l> 
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The Kalava (Calwa) ‘ Wall ’ in the Kurnool District 
OP THE Madras Presidency : an example of 

MONOCLINAL FOLDING, ACCOMPANIED BY FAULTING, 
PROBABLY ALONG AN OLD LINE OF WEAKNESS. BY A. 
L. COULSON, M. Sc. (Melb.), D.I.C., F.G.S., Assistant 
Saperimendmt, G&ohgical bitrvey of hniia. (With 
Plate 26.) 

During his investigations of the barytes and asbestos resources 
of the Ouddapah, Anantapur and Kumool districts of the Madras 
Presidency, the author had occasion to visit 
Intro nction. structure in the vicinity of Kalava (16° 

37'; 78° 12' in the Kurnool taluk of the Kurnool district, called 
by K. B. Foote a quartzite ‘wall’.' 

The structure is an examplo of monoclinal folding, acuonqinniod 
by faulting, probably along an old line of weakness. As its detailed 
description would be out of place in the author's economic rcporti on 
the barytes and asbestos deposits, it has been decided to publish 
this account separately. This procedure has the additional ad- 
vantage of drawing attention to a struoture which nacrits a wider 
publicity than it at present enjoys. The area is fairly easy of ac- 
cess and offers good possibilities in instructive training for part'cs 
of students from various universities. 

Kalava is a moderate-sized village, unfortunately rather malaiv 
ious, which enjoys the advantages of a post office and possesses a 

Position of Kahra good omping gromid. There is, also, a 
small, though good, two-roomed rest house, 
If miles W. S. W. of the village and situated actually on the ‘ wtvll ’ 
between miles 206 and 206 on the Chittoor-Kumool road.® This 
Kalava rest house is 20 miles S. S. E. from Kumool and 17 miles 
north-west from Paniem along a good load (Chittoor-Kumool), 
and is also 13 miles north of Betamcherla along a fair road. Kumool 
is a station at mile 161 from Secunderabad on H. E. H. the Nizam’s 
Guaranteed State Bailway from Secunderabad to Dronachellum 
(Dhone) ; Panyam and Betamcherla are stations on the Madras 
and Southern Mahratta Bailway at noiles 82 and 66 from Guntakal 

‘ W. King, afem. QedL Swv. Ind., VUI, pt. 1, pp. «6-66, (1872). 

.. 2® and 21 from Kumool, w shown on the 1021-22 ono-inoh map 

BheotWi. n»mae^te have shwe been altered as fndioated in the to*t. 
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on the Guntakal-Bezwada line. Motor buses run trom Kumool to 
Paniem and also to Betamchcrla. 

The Kalava wall of Paniam quaitzites extends from Kalava rest 
house to Chennakkapalle. This paper, however, includes a de- 
scription of the westward continuation of the 
waU**^”* Kalava Paniaw quartzites from the rest 

house to east of Ramallakota. As will be 
seen, this scarp is partly an erosion scarp, but the formation of its 
western (Eamallakota) end is very intimately connected with the 
post-Kurnool faulting, — ^Tung’s Crunnygull fault —which occurred at 
the time of the formation of the Kalava wall. 

The following table showKS tbe constituent members of the Oiiddapah 
system and Kumool series as classified by King in Ms classic memoir. 
Classification of * Kadapah and Kaniul Formations in the 

Cuddapahs and Madras Presidency’.’ The spelling of the names 

Kufrtools. modernised in accordance with Sir 

Thomas Holland’s ^ Indian Geological Terminology’. ^ The names, 
however, do not all agree with those in modem maps ; but in order 
to avoid possible confusion, no further changes have been made. ® 

JamiQalamadagu ^ Auk (Owk) ah^es 
stage. t. Narji limestonos 

L Banganapalli stage Sandetonos 

Large unconjomiity 

{ Srisailam quarfczites 
Kolamnala slates 
Irlakonda quartzites 

VnconfvrmMif 

CwUapah syntom u^jinaaiai Borios . 

(Puraua) bwhwb t Baireukonda quarlantes 

Unconformity 

OKftVftii* ' Mampot felatesseTadpatii skales 

^ ^ * ‘ i Kagari quartzites^rufivendla quarteites 

Un/Qonfonnity^ 

l-P.IMielmi wriM . i Vaimpalli sl»tM md linwtono 


Lower Vindhyan Kumool sorios 
system (Parana) 


^Oulohcru quartzites 


Oreas Uttconfonnify 
Archaean . . Crystalline rocks 

^ Mem, Gcnl» Surv, Jftid., VJHl, Pt, 1, pp. i 313, (1872). 

* Op, cit., LT, pt. 1, pp, 1-184, (1220). 

® To give hut one example : — ^Thc raflvray station is Pauyam; the village on one-inoh 
sheet 37 I/O is Paniem ; and tho geological formation is the Paniam quaridtes 
(pTcviously Paneum qnartzitos). 

* The present author oonsid^ that this unconforndiy is praolicaUy non-existent. 
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Intrusive^ sills of basic igneous rocks art' assoinattnl wiili the 
Vaimpalli slates and liinostoiies aiul wilb botli stage's of (he lihepif 
series. Tlie, exact .ige of (IteM- roeks is a 
Ininisivc trap*. pioblem which has u \<‘ry diaiiuM lieaimg im 

the l)ai‘yt»’S aiul asbeslos (le|u>sils aid will uol Is* <Iiheiis,.»‘iI here, 
Foote’s notes, whicli wen* tinoletl in full by King,' are reproilueed 
here for easy reference. The laiMlernised spelling of <*ertaiu lumies 
has been inserted in jiaii'uthcsis lo fiieilitato 
Notes y oole. refetcuco to modern topographical maps. 

The spelling given by King is that of the quaiti'r-inch -Vilas of 
India sheets used by Foote and himself. 


*Tho most interorttinig and ivniarkablo foaturo in tho ol ilir t|U}nl/iirs 

(Pauiain) is tho singularly long ami narrow wall joining llio north » nd tif fin Oon- 
dootla (Uiidutla; Ti? f/(>) plntomi wM.li f li.if of (1u'ni*ilpilly {<‘liinMla|mUo ; 

sheet 57 i/2). This narrow wall of lork ov\«‘,s Hso^r h‘ntM‘ io Ur* •iclion ‘d flir Iwo 
opposite^ fortes of unhtMval im<i (lt‘niitiaf ion. lU iho .» hiUM an n un.s oh vnlod, 
fomini? tlio wlu)lo of wind has htM‘n dt‘M*iihod «i , flu OondtHiila ,ind fMnidalpilly 
plateau and ilie in(orv<‘ning npaoo, tho n<»iihoni an<I <*« ntial }biil * ol flu* oK‘vaf(‘<l 
i-egion, was voniovod hy the denuding foroo> thun diMiosiiio a ton iilt*iahlt* fiaot 
of the underlying rockn whioh ehiefly hehing to flu* tildtu* or lt>wt‘! Miios of tlu* newer 
mctainojphio rocks, tho KAl>AL^Vll IHM'KH. 'J’his imarkalih* wall td tpiuiizito 
con*osponds with a lino of fault, but tUei'o has htnui apjian nfly lif fh* or no tlLdot*. 
ation of tho strata on either side of the iraelure. 1’he action ol tin {lennding 
forces, however, has been unequal, and the varioim ouiliei's of pinnacled tpuirt'/ile 
and tho underlying sliuta, iiiuestoneK and diainoiuhr|uaih/i(e.-!, lenth r the gt'ology 
of the aim of denudation south ol the wtilJuioM int(M't*hiiiig and i’af)i<*r (’ojtij)ii(*at«>d. 
Of the pinnacled quarlzibc only two tmtiieiv leinain, ont* about Iwt) aiul a hall inllert 
east of the large village of Calwa (Kulava) ; it is t»f mmuII c\ft‘ni only, hut important 
and conspicuous, because perched on tho top of a short, iInt-topjX'd ridg(» iwing 
nearly 300 feet above the valley. Tho lop in eaj>|)ed wilh the quartzift^, aud uis- 
tiiiguished by several fine spc^cimeim of j)iiuiaeh‘ ** tom ^I'hin eajijnng irsN uimui 
a great thickness of Ow^k shales and the east <‘ml ol (he riilg<‘ olfers a eapital 
exposure of these underlying rocks. This small outlier at onee explains tiu' (ortna- 
tion of the quartzite wall. The wall, for that is tlie iM’st naiiuv chwriptive <»! th<* 
long narrow line of outcrop of the quartzite*, measurt's about 13 inih^s fj*om ( Jheu- 
iiagapilly (Chennakkapallo ; sheet 67 !/«}, westwtud to its junction with Dio 
Chintalpilly plateau. Throughout this whole distauee it ivluius its clnuwlem of 
an independent ridge wall, except for about half a mile along the hast* of tho 
€kK>manconda (Gattimanikonda), where it loans against tho hill. 


1 These sills have usually been roforwd. to as * oontomporaueoua Java flows * in tho 
Ouddapahs. Bang hiiosolf, howovei', notetl their intrusivo iciationahipN in several ex- 
postuoB (op. cit., pp. 198, 200 and 203). AU the dolerites and basalts seen by Br, 0, S. Vox 
Ckdl- Swrtk X«d., LXV, p, 34, (1932)] and the author are intrusive in the Vaimpallis 
and OheyaiZB in whioh they oooqr. 
oiky pp. 65-66, 
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‘ ^J’ho iit)ri]n\ard dij) <d this ^^i-oat cdgo or ouioroi) is gCMiorally veiy high 

indeed, vaiying from <>()' to 8(r. It’xeopi in one idace a little Houtli-vvcst of Calwa 
the top of tlic rkifto is oxiiemol^ narrow, jjot nioi-o than 20 to 30 feet. But 
ncai* C'alwa the hed shows a doiihl<‘ dip, as sIkavu IicIow in sectiou, o-wingto loss 
coTnpJel(‘ denudation for a dihiaiiee of Ihioo <a* four hun<lred yards, to the south 
of Ba])unj»illy (iirahnianapalL' ; sheet 57 1/2), wdieiv the wall-like eharactor of tho 
{juartzito ouleiop is extivmely W(‘I1 developed ; this hed rises in elilTs, hut little short 
of a hundiH'fl f(*et high above tlK‘ valley of the Khoond-air. At foot of tho quartzite 
wall, the Koilkoontla limestone apj)(‘ai*H in very nmny phu'e* dipi>ing math at an 
ecjually higli angle; hut ns it is follow'ed in to the plain the dip ia])i<lly 4001*00808, 
and Udore it crosses tho In'd (»f I he Khoond-air, iho l>e<ls appixiaeh vtny nearly 
to horizoiiUiity. 1'he (piaiizito is throughout the length of tho outcrop very white 
in eolor, ond dilha's only from the less dlstnrhed portions of Mu» formation in being 
l(‘ss distinctly laminar,- a ehaugo of eliaraider which may have hetm brought about 
by the enormoim prcssui'o and (‘onsequent honi during tJu‘ process of dislocation 
at that ver}' part of tlu' originally undiai»urbed lied. 1'he muss of tlie rock in tho 
w^allis mu(‘h more hroktMi up by irr(*gular fissures than where inclined at a low angle.’ 

Foote’s section, wliicli is Figure 8 in King’s momoir, is omitted 
as it is incorrect. The Paniams are sliown as being unconfoimable 
, upon (and imfaultod against) the older Cuddapahs* 

ngs «oes. King, following Foote, considered that his 
* Gunnygull ’ fault, which is along the continuation of the Kalava 
wall, to be post-Kumool in ageJ 

* Of faulting to any decided extent which has affected the KARNUL rooks 
there are only two examples. The one has taken place in a nearly oast-west 
direction along tlie (iunnygull (Gaui Ohattu ; shoot 57 T/2) ridge, east-south-oast of 
Ramulkota (J^sraallakota), and tho northern flank of tho Oondootla (XJndutla) 
plateau. It is a fault tho throw of wliioh commenood imporcoptilfly at tho oastem 
end of thti line near Gunny (Qani ; shoot 57 1/6), until at its western ond, it 
amounted to more than 300 feet. Along tho flank of the Oondootla plaiioan the 
limestones and quartiziles are lient dovm with a sliarp dip, as is described already 
in Mr. Foote’s ac(*mmt of tho ** wall ” of Calwa (Kalava) ; which dip, as one 
prot‘(X‘(lH w(‘Htward, is found to la^oomc so shaip as to indicate a decided fracture in 
tho strata ; and this lH' 0 om(‘H more and more distinct the nearer tho Gunnygull 
ridge is apprcMudicd. At (IrHt, aft<»r tho sharp roll-down of tho beds is traced out 
past CJalw.i, it is found that tho ‘NorjtH) (Narji) Iimcst<>n(»s are brought sharp up 
against a scarp of (piartzites (pinnacled hods) of the group without having 

any room to slip under them, as they ought to do ; and then as the lino is traced 
still further westward tho (Bauganapalli) quartzites begin to crop 

out from under the limostonos at very nearly tho same level as tho pinnacled bods 
(which still, however, keep their own level along the north side of tho fault) until 
they run well over tho upland country towards and almost on to the Guimygull 
ridge, when iho pinnaolod l)6ds show down below in tho flat Kortycoonta 


^ Op. mLp pp. 122-123* 
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(Koriakimta) plateau north of AIho, the group ih ag^uu 

found on this north side of the fault 3iH) foot IjoIow at Ivoiinillvok, \vlu*ro it hns 
cropped out from under the liniChtonoH, OwK nImIos, and pinua<‘lod qnart/ii*^ 
of the Kortyooonta plateau. The downthrow thou was on (h(‘ uor(h.Mid<*, and 
this is evidenced by the up-turned beds against i ho mn tlua n llankn of llu* ( { unn;v gull 
hill. This line of fault runs right out in a woslorl^y diro<*Uon inlo tin* granitoid giussa 
country beyond this western edge ot our looks as is shown !>y llu^ ridgo of iaull- 
rock striking through Yeldoorly (Volduiti ; sheet 57 R/M\ hill/ 


Tie preseat author holds tliat King has foiled Iro j'cKJOgniw* tlio 
presence of another and earlier fault, j>ro-Kurnool in ago, tlu^ Kama I* 
lakota-Qani fault, which is cliiofly responsible 
^R^lakote-QaiU {GTJunjr^iill of Kiiif-) cUh- 

location {see p. 44J). This pro-Kurnool fault pro- 
bably runs more oi less along the lino of the Kaltwu wall from wcvt of 
EamaUakota (16“ 34': 78“ O') to mhUIi of tlani (If)" 4(»' : 7«“ 10') ; 
but of this it is not possible to be absolutely certaiii on accouiit 
of the Tnasking of the older fluddapali rocks l)y the younger 
Kumools. At the Gani end of the Kalava wall, tliej<* is (‘(‘rlnitily 
an old fault, definitely pre-Kurnool, by means of wliieh the Vauux)n]Ii 
limestones here have been ilxtown into juxta}H>sil'ion against the 
much younger Tadpatri shales. This fault is mure or less parallel 
to the trend of the quartzite wall, and is but a short distance south 
of it. The Tadpatdls have rolling dips, north and south, whereas 
the YaimpalliB and the overlying Pulivendlas have generally a north- 
easterly dip. 


The EamaJlakota-Gani fault is the same age os the Gaitimani- 
konda fault a few mules further south, whidi, strangely enough, 

flatumnlkond. fault. ^ “f recognised either by King or by Foofe> ; 

yefc the Pulivendla qiuiri/atoB noiili of tlio 
fault iave been moved some tbreo miles to tlic west atid Tadpatri 
shales crop out agamst Vaimpalli limestones and i^iilivoudla quart- 
zites. The structure of the Gattimanikonda fault is masked to 
a lajrge extent by the covering layer of Banaganpalli quartzites; 
but the signs of faulting between Gattimanikonda and Vonkata- 


^ Tlje Tillage aad hill of Qattoanikonda are rtnivorsally known locally as Ooora- 
zpanaoemda^ their old name. It is a pity that the name has been changed in the niodeni 
maps. 

There m nnioerous other major faults in the Knroool, Anantapur and Cuddapah 
footing the Bapaghnis and Cheyairs, which are of the same age as the Ramalla- 
kota-Qani and Oattimanikonda faults. These are described in the anthor^s econoznio 
repoxis [Jfem. Ged. Swv, 2«d., LX IV, Pt. 1, (tii ihej^rm) and Pt. 2 {undar ccmpHatiofi)]. 
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pnrana are extremely ckaj. The dip of the Pulivendlas and Tad- 
pattis to the north of the Gattimanikonda fault ift to the E. N, E., 
whereas that of tlie Vaimpallis and Pulivendlas to the south of the 
fault is piaotically due east. Even assuming a nniforra easterly 
dip of as low as 6® (the fault trends E.-W.), the throw of this Gat- 
timanikonda fault to the north is little less than 1,400 feet. 


The Vaimpalli limestones at Gani, which lie to the south of the 
Bamallakota-Gani fault, arc situated over 12 miles east of the sim^ar 
rocks north of the Gattimanikonda fault (i.e., 


Rainallakota « Qaiii 
fault is a hinged fault. 


over nine miles east of the similar rocks south 
of the Gattimanikonda fault). On the other 


hand, the Vaimpalli Umostones north of the Eaniallakota-Gani 
fault, if the nearest outcrop were projected along its strike to the 
fault, would Cl op out some five miles we»st of the similar Vaimpalli 
Umestones noith of the Gattimanikonda fault. Theiefoic it would 


appear that the pre-Kurnool Eamallakotta-Gani fault is in the 
nature of a hinged fault, the eastern (Gani) pail of which has a down- 
throw to the south, and the western (Eamallakota) pait of which 
has a downthrow to the north. The downthrow must, in each 


case, be of the nature of several thousands of feet and so, spec- 
tacularly, the Kalava wall fades into insignificance beside its much 
older compeer, the Eamallakota-Gani fault. King has given a 
possible dowoithrow of 300 feet for his Guiinygull fault which ac- 
companied the formation of the Kalava w all ; this throw is small 
compared with that of the ancient Eamallakota-Gani fault 
at its Eamallakota end. Moreover, it is unlikely that the small, 
post-Kumool, Guimygull fault would be responsible for the fault- 
rock mentioned by King. It is considered by the present author 
that this fault-rock, and the haematite associated with it,^ are pre- 
Kumool in age. In other words, King’s GunnyguU fault in really 
a post-Kumool movement at the Eamallakota continuation of the 
Kalava wall, more or less along the lino of the old pre-Kumool 


EamallakotarGani fault. 


1 Op n7„ p. 277. Tt is interesting to note that rt'cenily theio been consitleraLle 
acUvity in connection y^ith this deposit of iron-ore. A laoeMce woiked the plot 
in 1925 left beUeen 2,000 and 3,000 tons on the eniface of lus plot ■which is m Velduiti 
(&7 E/14 * 15® 33' ! 77® 55^) laads. The stock became the property of Government* 
Z avemge ssmple a^^ed in the laboratory of the GeologicaJ Survey erf Tn^ gave 
59-12 wr^cent. of metalfio iron and 16-32 per cent, of sihca. The same plot has since 
been applied for, and granted to, another applicant. 
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A sroat loiiijHi of fimo niiiBi liaw olajxiMl Im'Javooii tlio <m*( urronco 
of the GatbimanikoiKla and the llatnallako<a-<liiiii faiiHa and (In' 
hiyinff down of the nant;anapaili na?idalon<"< 
Brodon period and and diamondifoTOiw i-i p<'r!iaps 

noolseS!” ******* *^”*^' clearly W'cu in (lie Held on (he ('dj;e of Ihe 

plateau uoith-west of (ladiina'iikonda \illaue 
where t!.c Banganapallib overlie ihe (laiihnaniKonda l•>nl(, The 

Gulchorup, Vaimpallis, PulivendlaK, Tad^iatria, eie., vu'ie eroded (o 
a peneplain hefore the depo'iiiion on them of ilie naii^anapiiliis. 
The diamonds in i-ho Bangauapalli grits, for wiiieh inlensivi' search 
has been made in this neighhonrhood and further io thcMi'sl on sheoi 
67 1/2 in the vicinity of the villages of Virayapidle, Ut‘p.ille and 
Balaptiram, wore, h is siiggenlicd, derived by weaiheving from ihe 
intrusive trap sills m the Vaimiiallis and Tadpatris.® 

The Banganapallis were succeeded perfeotly ('onlorniahly by 
the Jammalamadugns, Paniams and Kmidaits. Afli'r the depo- 
sition of tho Nandyal shales, the higher members 
Bartli movemml : of the Knndairs, there \\a8 ii reerudescenco of 
toU. eartli movement on a largo scale, and a general 

uplift of tho country under the Nandyal sea 
took place. The movement, however, was far from even and certain 
areas were uplifted far more than others. Thus south of Kalava, 
at Siikkala Moru, the Banganapallis crop out at an elevation above 
sea-level of 1,763 feet; whereas at Kalava, bhcKundairs, the highest 
memheis of the Knrnool series, crop out at LOD-i feet, hoth places 
beii^ more or less comparable from tho point of view of strike. 
Between them lies tho KaLiva wall, formetl at this postr Knrnool 
(])ost-Knndair) period, and undoubtedly accompanied by faulting. 

As Foote and liing both reeognixi'd, tho exlont of the faulting 
varies largely. In places there is iiracticaily no fault and tlio wall 

The conflnuattoa of f 

ibe Kalava wall from Tho throw of J(K) loot at tlio KaiuaUu- 

^w^MthoBM **** continuation of the wall has already been 
mentioned in the discussion of Khig’s (Juimy- 
guU fault. Towards Lmgalapalle (16° 3d' .‘tO" : 78° 6'), faulting has 

^It is xmlikely that ropresoniatives of tho Nallamalais and KiHtuaH oxirndotl as far 
Wert M the ai^ nnuor description. The faulting, however, is ooriainly pro-Kisina on<l 
posWheyair, i.e,, ronghly Naflamalai to iimaediat^y post-Nallamalai in agfi. 

Tm pomt jw be^ disonssed in the author’s report on the harsrtos and asl)CMK»L 
oO(mtTOoea Im Mm. Qed. Swv. Jnd., 1 : 4 X 1 ?, Pt. I, pp. 116-116 (»» 
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iindoulitodly taken place ap east; of this village', t.he T’aniaui qnarl- 
v\U> are in jn\ki|)<)«iiiion with t.1io liaiiganapnllin. KoHoeviiia; the 
Hcarp Hoiitili of Oliinialiipallo (15" o5' : 7H° 7' .‘10") and Palakulanu 
Iviwai'd.. Kal.iv.i ri'Ht/ house, .laininalatuadugus aT<^ exposed uiidet 
the I’ani.nin to Uie noitli and south of the road, there, being no 
IJaiigaiw'pallis exjmsed ; it wouhl appi'ar that here there has boon 
no faulting. Thus the continuation of the' Kalav.i wall west t)f 
llie, Kalava rt'st house' would ap])e.tr to la* tli • site of a hingni fault, 
King’s (iunnygiill fault., with no throw soutih-east of ihilakolauu, 
hut a throw of sorao .‘IrtO feed, or so totlio nort.h at its we'stern (Ramall- 
akotii) end. There is thus a striking .similarity between the western 
part of this ‘ sympathetic ’ post-Kurnool movement and the same 
part of the prc-Kurnool Ramallakota-Gani fault, always remember- 
ing 1.hat the prc-Kurnool movement w'as many times greater than 
the post-Kurnool movonrent. 

The similarity is not so marked when the eastern parts of both 
movements are considered. However, the Kalava vrall proper, 

extending from the rest house to the village of 

K«teva^*rc8rhouse*^*{o ^ interesting 

Chennak^alle" ** deserving of inspection. The series of 

sections shown in Plato 26 show tho struct- 
ure of the n miles of country to Chennakkapalle where the W’all 
once again becomes an erosion scarp. Tho lines of section are also 
shown on Plato 26. All soct.ionR nm from the low ground north of 
the wall, where tho Knndairs crop out, to tho higher plateau to the 
south, which is formed of Banganapalli sandstones capping the older 
Tadpatri shales and intrusive trap sills. The younger inombeus of 
tho Kiirnool series have Iwon removed from above the Banganapalli 
Iiero. 

In ligute 1, the Lhiuiam quartzibss of the wall overlie .laramala* 
madugu limesloues and Banganapalli sandstones; and tho last 
uneA)nroriuably overlie tho Tadpatri shales. 
UxplanaOonofMdinng. Klipping has taken ])laco at the monoclinal 
fold, but not to any appreciable extent. Tlic 
main dislocation appears to liavo taken place nearer to tho platcan, 
presumably, also, along tho limb of a monoclinal fold which developed 
into tho Somayajulapalle fault {see p, 447). 

In iigute 2, tho monoclinal fold of the wall is more steep and ir- 
regular. The main dislocation is a short distance south-east of the 
wall, whore the Tadpatris ate very highly crushed. 'Fhe original 
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oruslied coveting of Knmool rocks above this dislocation, the Somayaj- 
olapalle fault, has been removed by erosion. 

The main fault is very near the wall in (iguro .*5. The I’aniam 
quartzites are faulted against the Tadpakis, and there is no evidei’ce 
on the surface of the existence beneath them of the older tJniiunaluuui- 
dugus and Banganapallis, though they must, of coiiinc*, be present. 

Figure 4 shows an interesting variant in that there appear to 
have been at least four monoolinal folds, the two most im})oitani 
b<»ing that forming the wall, and that nearest the plateau of Kom- 
mucheruvu Motu. This section may be contrasted with figures 7 
and 8, where there is but one monoolinal fold. 

In hgure 6, the folding is more dome-like and the Banganapallis 
form a large outcrop. A little slipping probably took place along 
the wall, but the major dislocation occurred close to the plateau 
along the limb of a monoclinal fold. 

In figure 6, a large dislocation is shown at the wall, wlu'ro the 
Paniam quartzites arc faulted against the Tadpatris. There is 
here but a remnant of the lai^e spread of Banganapallis sc'en in 
figure 6. Another dislocation took place along the limb of the 
monoclinal fold near the Chintalachcruvu plateau. 

In figure 7, as in figure 8, the mmn fault is shown at Iho quart- 
zite wall, where the Paniams are again favdted against the Tadpatris. 

Figure 8 is very interesting. The high hill of Peddagunuuani 
Konda (1,662 feet) is not capped by any of the younger Kumool 
rooks. It is higher in elevation than the Ohintalachenxvu plateau 
to the south. The main fracture thus undoubtedly occurred along 
the wall where the Paniams are in juxtaposition with the Tadpatris. 
It is not to be wondered at that the monoolinal fold gave way un<lor 
the stresses which such conditions must have entailed. 

As shown in figure 9, the main dislocation, strangely enough, 
appears to have been double in character not fat from the last loca- 
lity, being partly along the wall and partly nearer the plateau. 
Evidence for this is given by the occurrence of a small outcrop of 
Banganapallis on the shoulder between Peddagummani Konda and 
Ohianagummani Konda (1,464 feet). The conditions pertaining at 
Chinnagummani Konda appear to he similar to those at Poddagimiin- 
ani Konda, as shown in figure 8, the mtdn fault being at the site 
of the wall. 

The existence of older faults, among which is the pte-Ki.mool 
BaaaaaUakota-Glani foult referred to previously, further complicates 
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the structure of the eastern part of the wall as seeu in figures 10 to 
13. Piguro 10, however, differs but little from figures 7 and 8, 
but has been inserted for comparison with figure 11, that of a sec- 
uuju a furlong or so further east. 

Tlio Puliveudla quart 2 dtes and Vaimpalli limestones referred to 
in the text are shown m ligure 11 ; and under the latter, the Gulchom 
tiuaitzitos. The downthrow of the old JRamallakota-Gani fault is 
shown as being to the south. Here again there is conclusive evi- 
dence that the main post-Kiurnool dislocation took place along the 
wall, where the Paniam quartzites arc faulted against the very 
much older Vaimpalli limestones. 

Figure 12 has many points of resemblance to the last, but the 


Pulivendla quartzites are absent. 

The last figure (iig. 13) is interesting as ib shows the Bangana- 
pallis resting unconformahly on the Pulivendlas, and because the 
Kalava wall has once again become merely an 
Soinayaiulapalle fault, scarp. Eoference has been made to 

the Somayajulapallo fault on page 446. It has been found neces- 
sary to postulate the existence of this posb-Kurnool fault in order 
to explain the struct ui*c south and south-west of Kalava. The 
Paniam quartzite scarp from the rest house to the beginning of the 
Qunnygull dislocation, near Chintalapalle is unimportant. The main 
dislocation appears to bo between the wall and the plateau to the 
south-east, running more or less N. B.-S. W. through the village 
of Somayajulapalle. It joins the Kalava wall near the location 
of ligure 3 in Plate 26. Its south-westward continuation cannot be 
followed to any great distance. The throw of the Somayajulapalle 
fault near the village is about 800 feet to the north ; that at the 
Kalava wall mixst be well over 1,000 feet. 

It will have been noted that in all cases, l)oth to the west and 
cast of the Kalava rest house, the downtlirow of the post-Kurnool 


movement responsible for the formatiou of the 
JBuilava wall, the Somayajulapalle fault and the 
Kurnoolmorm . (jttnnygull fault is to the north. Whilst this 

agi*60s with that of the western end of the Ramallakota-Qani hinged 
fault, it diflEers from the throw of the eastern end of that fault, 
wliich is to the south. Enough has boon stated to show that the 
throw of the post-Kumool movement varies greatly in amount 
and in position. In certain places, as at Peddagummani Konda, 
the movement is aU concentrated at the wall, and must he of the order 
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of at leabt 1,000 foot, aBRimin^ a loial thiokiM'ss of ilio Kurnools 
of only 1,000 feet. In otlicr pla<‘os, tlio wall in bnt an orosion s(iarp 
and tile chief movement toot place ol«owlioro. 

The author ventures to tliiuk lhal llu* al)r)V(‘, no(‘(sssarily con- 
cise, a(‘ooun1 of Ihe Kalava wall indiciitos that 
oncusion. structure to he the r(»sult of post-Kurnool 

movement, more or leSvS alon^ Ihe line of an old, pre-Kuniool, 
line of weakness ; and that the inov<*rri<*nt has been chi<*fly 
faulting, or slipping, along the h'mbs of monocliiial folds. 


EXPLANATION OP PLATE. 

Plate 26 . — Geological sketch map of parts of tho Dhone, JCurnooI, Namlyal am I 
Nandikotfoir taluks of tho Kuruool clistricl, IVfafIraH Presidouoy, 
showing the Kalava wall of Paniam quartzites; with thirteen 
sectiojn along lines indieatotl in tho map. 
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The TALOSHKPENi'lNE-CHLORITE-ROC'KS OF SOUTHERN 
Mhwar and Dungarpur. By P. K. Ghosh, M.Sc. 
(Cai.)> D.l.C, D.So., (Lond.), Ex/ni .-I'^sisfant 
SiipemUmideni, Geological Siirvef of India. (With 
Plates 27 and 28.) 

INTRODUCTION. 


Tliis paiior tTOliodios tlie rcbxilts of an investigation on a group 
of ultrabasie intruHivos vliieli are aluindantly developed in tlie south- 
ern ]»avt of Mcwar (Udaipur State), as iu the neighhomdiood of 
RikbaLdeo (24° 5': 73° 41') and Kborwara (23° 59': 73° 3<5'). 
Miniilax rocks wore found by Mr. 0. S. Middletniss in the eastera part 
of the Idar State, and by tlie late Mr. N. T). Dam in the Dungaapm- 
State. Middleniiss deaerilies tlicin as ‘niagiiesian rocks'’; but as 
a niineralogica! name, rather tlian a eheniica] oius lietter describes 
tile cl aracleis of the rocks cuncernerl. the w liter pridcrs to use the 
term ‘ talc-8erj)entiii(‘-clih>i‘it<‘-r<M*ks as these minerals are the most 
dominant and cliaracterlhtic const itnents. TJic niimn'als am not, 
however, presmit in the same jiroportion, nor are they simultaneously 
developeil in all the localities. According as then' is an admixture 
of chlorite, with tale or sinjienliiK' or both, tbi' resulting rock may 
bo called talo-ehlorite-, serpent ine-elilorite- or (alc-serpentine-chlorite- 
rock, respectively. On the whole, the 7‘ocks of the northern jwirt 
of the area have a distinct tendency to be enriched in clilorite with 
a, r'orrespouding diminution or the almost complete lack ol the other 
(,wo minerals, while those- to tbo south arc characterised by a higher 
oonti'iit of talc and serpentine, the amount of chlorite showing a 
proportaonato fall. 

in Mowai', these rocks were first found by Dr. A. M. Heron, who 
with Mr. B. 0. Gupta commeuced mapping tliem. The \sriter 
brought the surveys of both into completion and his remarks arc 
based chiefly on the rocks of Mewar. 

DISTRIBUTION. 

The distribution of the rocks in the southern (Dungarpur State),® 
and central ai'eas (Farshad-Eildiabdeo-Kherwara-Barna area)* are 


>■ Mm. Qed. Hum M-. XJbJV, pp. 99 - 109 , ( 1921 ). ^ ^ 

• From the ortahml map of the Dtmgaipur Stale, hy N. D- Dam- 

*Ftom the original Jnap of Mew by A. M. Horon, B. 0. Gupta and the "wntor. 
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stown on the acaompanying map (PI. 28). Tho ocourrnncos to l,l>n 
west of the above areas have already been reoordi'il by iVTiddb'iuiss in 
his memoir and the tdovant map of the Idar Kt.it.o,’ and lu‘ncc .ire 
not shown here. Only the o(ionrrpn(t<'«, furthci’ north in M(*\v.ir, 
which have boon mapped by Heron and whicli an' in iilu' coiirsp of 
pnbhoation, have not yet been shown they oeeur int('rinilt('ntly 
along a N. N. E.-S. S. W. zone between the village which is three 
miles south of Khankhat (24“ 23': 73° 20') and Bempala (21’ dO' : 
73° 37'). There are roughly four outcrops, vi:. -(1) to the west 
of Khankhat; (2) in the valley nmning N. N". E. from IJndithala 
(24° 36' : 73° 32') ; (3) between three miles N. N. R. of Bagrunda 
(24° 41' : 73° 34') and two miles east of Qogunda (2*1'’ 15' : 73° 31') ; 
and (4) at Serapala. 


PHYSICAL CHARACTBRS. 


The rocks are all some shade of green in colour, varying between 
pale sea green to deep green and green ish-bl.ack. In hand-speci- 
mens, they are generally aphanitic, but sometimes titanite, g.irnet, 
ootahedra of chromite and magnetite, crystals of amphibolo, and 
(rarely) phlogopite associated with dolomite or caloitc, are discernible 
in the comjpact and finely crystalline groundmass. The rooks are 
seldom massive, and share with the adjacent country-rook the cliarac- 
ters impressed by pressure; thus, cleavage and sohistosity are 
abundantly developed. The rooks have also imdergone faulting 
as specimens with slickensided surfaces are obtainable, fn some 
of the dense types, fine laminations have been prodiicofl, with crystals 
of ttanite arranged in parallel rows. This h really an ellect of pres- 
sure due to wHch the poiphyroblasts of titanite are arranged parallel 
to the lamination of the rook. Weathering produces a pitted mirfac<‘, 
and occasionally reddish spots in an otherwise greyish green ground- 


Afflooiat^ with these are occasional bands of coarse-grained roidm 
which may have a definitely banded or intergranular texture. 'Phese 
ipes are imposed of a dark green or brown hornblende, 
M + coloured tremoUte and aotinolito associated with calcite. 

in ^ steatite 

m workable amounts (as at EiHiabdeo), also serpentine, actinoUte- 
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and tremolite-scMsts containing caloite and chlorite, impure dolomitic 
m*ks, magnesite and a little asbestos. 

Mention may here be made of the ocenrtenoe of veins of a fine- 
grained, often sheared and granulated, and partially kaolinised, 
tourmaline-granite in the body of the talc-serpentine rooks, as vrell 
as in the phyllites in the neighbourhood of Eikhabdeo and Barna 
(23° 58' : 73° 41') where taloose and serpentinous rooks are most 
prevalent. In the field, it is often difficult to distinguish the granite 
from the talc-serpeutine-rocks as it also has been rendered green by 
the abundant development of clilorite, and the highly comminuted 
nature of the constituent minerals renders their identification in 
hand-specimens exii-emely difficult. Under the microscope, how- 
ever, it is found to be composed of a higlily granulated aggregate of 
quartz, orthoolase, microoline, and a UttJo plagioclase, abundant 
chlorite (which is derived from biotite) with inclusions of rutile, a 
little sericitc, little grains of brown tourmolino, apatite, soisite and 
ilmeuitc. Shear-zones are developed in the rock, and mortar- 
structure is also developed. 

MODE OP OCCURRENCE, STRATIQRAPHICAL RELATIONS AND 

AQE. 

Middicmiss discusses the stratigraphical relations of those rocks 
in Idar, and describes them as being constantly associated with the 
Delhi quartzite, ‘ in apparently bedded or banded masses or layers 
and ascribes them to the Delhi system. But recent mapping, 
carried southward from the clear sections in Mewar and Ajmer- 
Merwara, shows that the quartzites with which the magnesian phase 
is associated in Idar, really belong to the Aravalli system, and are 
below the base of the true Delhi quartzites. As they have not been 
found in the tnie Delhis, they may be presumed to be pre-Delhi 
in age.® 

Middlemiss also discusses the possibility of these rocks being a 
locally developed sedimentary deposit ; but as * tremolito or aotin- 
olile, besides l)oing fotmd with oalcite as a definite layer, also 
wanders away and pervades the quariaite above in irregular veins’* 
in rdar, and ‘the magnesian minerals occupy narrow bands cutting 

* Loc* c^^., p. 103. 

• General Keporl for 1030 in JRcc, QeoL Surv, Ind^ LXV, p. 142, (1931 )• 

^Loe* cU,, p. 103. 
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iutliwriminately into the f)*'lhi ((>., Aunalli) <juiirl/.if<‘ .iiid 

in tlio DunjiiiuiHir Hlolo, ho is inclinod 1o lliitik llial ‘ llicir 
lifut appoartuice (>£ hoinj' ()ris»iii<il f«*(iimoiilai,\ dojMfils inIcilM-ddi-d 
with the IMhi Ai, I Willi) (Juarisiito ’ is doooplixr. and lli.il llii's 

may he ‘really adventitious in some wav ’ iv/., vein- 

fillings along a fissure or gaping in the <]uart/,iio lie also sa>,-., 
‘it may be that the whole phenomenon is more oJ Hie luiline of a 
normal peridotite intrusion, accompanied by the usual secmiilarv 
changes of such rocks to serpenline, tale, magnesite and dolomile,- 
Tn Mew'ar, there is ample evidence of these rochs hi’ing intrusi\e 
and their mo<lo of intrusion seems to lie dyke and sill-iiKe, a' will 
appear fnim the following desciiptions, 

DESCRIPTION OF OCCURRENCIjS. 

A junction of this rock with tlie Anivalli phylliles is exposed aloii'> 
the Sora valley at Kagdur (21" .‘5': 71" 'Id'). Here the junelion is 
eouforniahle to tie .schistosity of Hie <‘oiiii(j‘\ 
vaUey'*^**'^*^ *” (Aravalli pliyilite) and both <lip -15 to 

the east. No transgressive olTsliools of tlie 
ultrabasic rooks were noticed. Near the jimetion, schistosity, wliich 
has also boon developed in the talc-serpen tine-chloriti '-rock, is paiallel 
to that of the surrounding country-rock; but inwards, this seeoiid 
ary structure is ahseut, und in the centie of the mass, joints, which 
are peculiar to a cooling igneous body and divide it into cubical mnl 
rhombohedral blocks, are present in great number. In the uiarginal 
regions coarse-grained aofcinolite-calcito and trcmolitc-caloifi'-rocks 
are found to occur in bands which are more or less parallel to the schist 
osity of the oountry-i'ock as well as that of the lalo-si'rjieidiiK* mass. 
It has the appearance of a concordant dyke-like intrusion, but tlie 
apparent oonoordanco may he dece]>t.ve; for, wind ever, might lia\e 
been the original nature of the boundary botw'ccn tlie two format-ions, 
that is to say, whether the rock Intaruded parallel or obliquely to 
the original bedding and folds of the phyllitc, all traces of that ]irini!.- 
ry structure have been completely obliterated by the later forces 
which threw the whole region into north and soutli folds, and which 
also produced parallel planes of cleavage and schistosity in tlio oou- 
stituent rock formatnons. 
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At tilts locality, ih<» rock is injected by naiTOW velufi of a banded 
boj*nbl(']ide-Tock, consisting almost entirely of brown and greenish- 
brown hornblende crystals with small grains of opaque iron-oro, and 
a liiile plagioolase oecuiTing along the margins. Ihnenite, changing 
to lou( oxen(‘, and small oiyslals of plagioclaso are found as inclu- 
sions in the hornblende (tec PI. 27, fig. 1). 

Here also it is found to occur in the midst of phyllites and to 
‘ finger ’ out into the eountrV'roek. Its mode of intrusion seems to 
be siIHil<e. Tn the east and west valley, miles 
«e^rotRTkhabro."'““ south-east of Kotra (24» B' : 73° 44'), the 
• junction of the talc-serpentine-rock with the 

Aravalli phyllites is exposed ; the plane of junction is more or less 
horizontal. The foimer is seen to be resting horizontally on the 
surface of the latter, the planes of schistosity of which dip at a high 
angle. 

The talc-serpentine-rocks attain a maximum thickness of 60 to CO 
feet and fonn the crests of the hills, whilst the boHom of Ihe valley 
is formed by phyllite. Southwards (as in the noith and fouth 
valley rtmning through the mass, south of the fiist valley) no phyllite 
is exposed bcncatli the talc-serpent in e-rocb, a 111 ough the levels of 
the two valleys are practically the same. On the otlcr laid, it 
is scon to bo overlain at the extreme south by rocks of the phyllite 
series, the pianos of schisto&ity of which have piactically the srme 
dip as that of the phyllite underlying the mass to the north. Thus 
it seems that this intrusion is a sill, the floor of which is exposed to 
the noith an<l the roof to the south, and that the phyllites under 
mountain-building forces of post-Aravalli times, behaved as a highly 
plastic mass while the talc-serpentine-roeks, being moie resistant to 
deformativo proeesscs, withstood folding movements to a greater extent 
and thus appear as a more or less horizontal layer in the highly 
folded and foliated country rock. Towards the north, the mass 

becomes very narrow^ and wedges itself into, and finally cuts through, 
a band of limestone. As a result of contact metamorphism, the 

phyllites in the neighbourhood of tliis intrusion assume a red colour 

due to the oxidation of the ferrous iron into the ferric state. 

This little mass of talc-serpentine-ohlorite-rocks is lenticular in 
shape and occurs in the Aravalli phyllites. This occurrence is 

interesting from the point of view of its contain- 
Occurrence one mile ellipsoidal inclusions of a dark bluish quart- 
zite and recrystallised Aravalh limestone. This 


W. N. W of Kotra. 
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clearly proves tlie igneous origin of llio laic S(>rpeiiiine-ehloril(>- 

Under the microscope, tlie bluisli «niur</i<.‘ is seen io ho ooiuposod 
of granules of quartz, containing minuto tlust like inclusions niul 
abundant grains of magnotiio. A little <Mlcilo is pivsinit inU'rstH- 
ially. The limestone is found to be ooiuikisoiI of abuiulaul. oiloile 
and a Httle opaque iron-ore, the latter soinidinies oneloHing radial 
aggregate of talc. A small amount of serpent me, sometiiues 
associated with grains of opaque iron-ore, is also imwiit,. 

This is a fairly large mass, in fact, the largest in Mewar, The 
country-rock is Aravalli phyllito. Near tlu' margin, schistosity, 
which is parallel to that of the emintry-roelr, 
Occtttrence at is well-developed. IneliLsions of phyllito, qtiartzito 
Rikhabdeo. limestone, some of them in long narrow 


bands, are common. 

The quartzite inclusions assume a violet to jnirple e,olour and are 
found, under the microscope, to ho composed of an aggregatt' of 
quartz in granular form, showing xmdulatory extinction, often 
charged with purplish dust-like inclusions (prohalily hamiatite); a 
tew flakes of hsomatite and wisps of chlorite oconr in the inter- 
spaces. 

The limestones ate thoroughly recryatallisod, and are found, 
mierosoopically, to be composed chiefly of grains of ealeitM* ; some- 
Umes of calcite in association with acid plagioelasi', grains of ipiartz, 
a little chlorite and soricite. 

Io. the marginal area, the talc-soipontine-clilorite-ioeks tend to 
bo talcoso ; workable quantities of steatiite of a gi’eyisJi green eoloiir 
are developed in this mass, half a mile totrho south- west of Hikhabdeo. 
Yoins of a sheared tourmaline-granite are assoeiuteil with this mass. 

About one mile to the west of Rikhabdeo, an interesting 
modification of this rook is developed in the hill marked Along 

the western margin of the outcrop, the rock becomes finely lamiiuitcd, 
with opaque white crystals of titanite arranged parallel to the planes 
of lamination. Weathering has produeed an oxtwunely pit.t,(‘d hut^ 
face in this rock. 

Under the microscope, it is soon to bo composo<] ehiofly of ehlorite 
and a little talc in which arc embedded spooks of colourless plagio- 
dase, poiphyroblasts of titanite with well-developed crystal-faces, 
and zoisite. There are also veins of chlorite passing through tlie 
lai^ crystals of titanite (vide Ph 27, lig. 2). 
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In the noighboTtphood of Baxna (23® 60' : 73' 41') there are 
several outcrops of talc-serpentine-rocks. Their field-relations aie 

Deposit at Barna. practically the same as those of the rocks already 
described. 

Tliis area is interesting from the point of view of the contact 
motamorphism undergone by the country-rock. Thus, the phyUites 
have, in part, become mica-schists with an abundant development of 
rutile. In many localities along the Som valley, the countiy-rock 
yields rutile crystals, sometimes half an inch to one inch in length. 
The limestones associated with the talc-serpentine-rocks are highly 
metamorphosed and show the development of phlogopite, actinolite, 
etc. Thus a specimen of a limestone inclusion from half a mile north- 
west of Oda (23® 67' : 73® 42') is seen to be composed of blades of 
tremolite, often containing poildlitic inclusions and intergrowths of 
abundant calcite and patches of opaq^ue iron-ore. The limestone 
adjoining the talc-sorpentine-rock at Dhclana (23® 88': 73° 46') 
shows the development of phlogopite. 

Daru’fl map of the Dungarpur State shows that these rocks 
extend from the extreme north-west to the south-east of the State. 

D««garpur deposits. the AraraUi ph^te associated 

with quartzite or not, and are often interbanded 
with impure limestene. Darn mentions in his Frogross 
Keports (for the field-seasons 1911-12 and 1912-13) that although 
the strikes of these rocks are usually conformable to the schi&iosity 
of the phyllitos, there are sometimes found narrow tongues of these 
rocks xunniug aorora the schistosity of the country-rock. Daru 
therefore advocates an igneous origin for these rocks. 

They ate mostly talo-s<Hpentine-rocks with little or no ohlotite. 
Occurrences of quartz veins cutting throng these rooks axe noted 
by l)aru. Asbestos is recorded near Dowal (23® 56': 73“ 40'). 
Actinolite, epidote, aragonite and magnetite are mentioned as being 
sometimes associated with those rooks. Workable quantities of 
talo-scliist axe loported from neat the hill marked 1,162, i.e., the 
hill two miles south of Jakol (2S“ 66' : 78“ 49'). 

The following paragraphs referring to the more northerly oc- 
enrreneas in Mewax axe based on notes kindly supplied by Dr. Heron. 

Hus deposit is made up of ‘ ohlorite-schists 
occurrences caJc-talo magnesian rocks, probably 

representing ulixa-basio igneous rocks ’ 

They appear in the southern half of an anticline formed by the 

192 
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Aravalli scliists. ‘TIk* iilfra-l)as’u* iniriisivos 
^Dfipositwejt of Khan* Klunikliid «nn' 12<H) io **500 yards wido 

and ai’o poorly ovo<‘pl ni ihoir soidlu^in 

end, among the thick rivoriiH' boiildor deposits of l}<‘<*<‘nf or Ruh- 
Recent age/ The magnesian roehs are <*on<‘onlanl» in strihe \vilh 
the quartzites and schists forming the eoiiniiy-roek. 

‘ Tn the northern portion of the anticline (referr<‘d to niove), 
that is north of the latitude of .... IJiulithala, igneous infriis- 
ives (f.e., magnesian ro(*ks) heeome more 
UiSfthala. abundant, especially towards the CMmfn*. Along 

the central valley, whi<‘h n|)pears 1o (‘orrespond 
roughly with the axis, there is a line of mngmsi'r (u11rn-hasi<*) rocks, 
consisting of chlorite- and talc-schists running for ahonf six mih'S north 
from Undithala * 

'North-east of Bagrunda a nairow strip of magiussion rocks, - 
talc-chloritc- and tremolite-schists, luns along llu* west of the 


Deposit N. N. E. of 


Daj|[runda. 


shreds of qiiaitzite vvliieh lepiesent 1h<‘ ensiein 
quartzites of the nntielin<‘, when th(‘ (piart- 
zite finally dies out east of (Jogunda. the mag- 


nesian rocks Tun for three miles further to th<‘ norlli, giadiially 
widening towards their termination ’ 


* To the east of (the above), and parallel with it, running for four 
miles south from Sempala, is a much more extensive gaoup of nmg- 

Deposlt at Setnpala, intrusions in two paiallel holts con- 

nected at their south ends by an almost cir- 
cular plug over half a mile in diameter. Both these belts have dis- 
continuous and lenticular grey and black (|uartzites on the outside. 
To the west of Sempala is a very narrow- IkkI of taleosc' limestoiu f<.r 
tw-o miles along the strike/ 


MICROSCOPICAL CHARACTERS. 

Under the microscope, no trace of the origiiial ferromagnesian 
minerals is met with. Serpentine which is partly of the fibrous 
variety (antigorite) is associated with grains of iron-or<‘, inimit<' 
flakes of talc, and sometimes chlorite. Talc se<‘ins to hove be<m 
formed later than serpentine, as veins of talc pass througli th<* ser- 
pentinous remains of the original minerals. Talc is almost alway*, 
present and sometimes constitutes the whole bulk of tlie rook. It 
occurs eithea: as aggregates of minute shreds or in stellate aggregates 
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as well as in very minute scales associated with iron-ores. It is 
also pres<'nt as platy tT\>ta]s with ininuto dust-hlfo giaiiis of opaque 
iron-ov(‘S along elcii\ag('-])ianfs. Associated uith it are grains of 
ealcitc slioAsing rliomholushal ch'avage and aggregates of rutile, 
which are all embedded in a felted groundinass composed of scales 
and libres of talc and chlorite. Sometimes crystals of zoisite ate 
also present. 

Locally, chlorite is developed. It may bo present in narrow 
blades or in minute scales and fibres, and also in radiating aggregates. 
Sometimes it is associated with calcite-graiios occurring interstitially. 
A little opaque iron-ore may bo present as inclusion. Sometimes, 
grains of apatite, ilmenitc changing to leucoxenc, a little sphene and 
garnet aro observed in the cldoritised varieties. 

The amount of iron-ore is variable ; from snaall isolated grains, 

occurring sparsely, it is found as abundant dust-liko aggregates 
along the cleavage planes of talc as well as in segregation patches 
of fair dimensions. 

Actinolite- and ti omolite-schists which arc often associated with 
the t 3 lc-.soipontine-rocks, especially along the margin of the bodies, 
and which represent an especially metamorphosed facies of the 
original rocks (i.c., the rocks which give rise to the talc-scrpentine* 
rocks) arc soon to bo composed cbietty of blades and steUato aggreg- 
ates of actinolite or tremoUto containing inclusions of iron-ores ; 
edeite, a little quartz and sometimes a decomposed plagioolase, 
aro present interstitially, A little chlorite is sometimes found. 

ORIGIN OP THB MINERALS. 

1)110 rock which finally gave rise to the talc-sorpentino-chlorito* 
rocks, was clearly an intrusive ultrabasic rook such as a peridotite or 
pyroxonite. Bocks similar in association to these talc-eeipcntine- 
cUorite-iooks, have boon described by Morrill and Bies from diflerent 
parts of America. Merrill says, doscribiug the origin of asbestos in 
such rooks^ : — 

* Tlifi fibrous anthopltyllito (asbestos) ocours along a sliokonsided zone between 
a Bobistoso aotiuolite-iook and a more massive seipoatinoos or taloose rook whiob 
is presumably an oraptive peridotite or pyrozenite.' 


* 6. Mtnill, ‘ Tbe nou-maiallio Minerals let Kdn., p. 183. 
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Rooords ofihn Gedo^cai Sumf of India. L Voi. IjXVI. 
He fuiiihoir mentions : 

‘II iB probaMo that in the flbroUB fonu, Iho miiiml in ah^ay, woouUaiy, 

andtheabroassti'ucturodac.iiipaitatU'abt.lohlioaiing ngwHUK. 

It is gnito posable that tho asbestos o£ the Mci^ur acposilH Iuih bad a 
giTnilur nrigin^ 88 tbeto STO ovidouocs o£ slickoiiHUlcs ujul ci'usnmK 1'' 
the nei^bourhood of the asbestos localities, as vrell as lu other 

places* . „ 

Referring to the origin of talc-deposiis, Ries stales-:— 

' Talc is an alteration product o£ oilier magnesia mineiiils, hucIi as lieuiolilo, 
aotinolito, pyroxene or esnsiaiito, and is often assoewied with taleOKo or chlonto 
schists, serpontine and such haaio igneous loclcs as jicridoUW or pyw)xeiuU*. li 
is also associated with the older ciywtalliiic iocLb. Jn home it ha^% no t ou^ $ 
been derived from an altered ciupiivo rook, hut In otlu-is, j)iolnil»ly fu)ni luagnewan 
sediments, by motamorphism.’ 

In the case of the Now York deposits, lie nuiiultiins iliat the tulc 
has been derived from the enstatito and treiuoUtc of an alU’red iuijuu’e 
crystalline limestone under tlio intliienco of ■water eliarged 'with 
oarbonio add.® 

Summing up Pock’s observations on on intcrestiiig case from New 
Jersey, Ries states*: — 

*TaJo oounis with serpentino in dolomite and near pcginatile intiubioiis. Tbe 
latter, by contact motamoiphibin, dovclopwl ticinolite, white pyioM'ue antlphkig" 
opite in the limeatenc. Later, dining breok-ihrUBt faulting ai'ponilainyiug tiiiiHir 
fanTtlng in tbis aiva, tho magiiOBian Hilicnli'B were alt ciod 
by water to talc and other products.* 

Thus it seems that water charged with carbon dioxide and aided 
by faulting and folding movements, by ite ticlJon on a siiito of magtieS" 
ian minerals or on a magnesia-rieb rock composed tif sueb miueruls 
as magnesian pyroxenes and amphiboles, olivine, etc., may pnxiuec 
such rooks as those under consideration. TJio aoUou may bo ox* 
plained as follows: — 

■Einstatite Talc MagncRilo 

4(t^iliO,} + H,0 + CO. eU,0.3Mg0.4Bi0t AfgOU* 
ffinmolile tPalo Caluito 

OaO.aMgO.4SiO, + H,0 + 0O,-.H,O.3MgO.4SiO, + CaOo, 

Olivine Talc Magnesito 

4(MgO,SiO,) + H,0 + 6C0,=H,0.3Mg0.4Si0, + CMgCO, 

It is evident from the above, that amongst the talcoso products, 
one is likely to find oaldte, magnesite and dolomite>mineruis which 
tj«d.,p.l86. 

• H. Bies, ‘ Bconomio Cteology p. 407, (10S5). 

* H; :i^, op. eit., p. 408, (1920). 

*IW6k,p.400. ' 
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arc (Hiiio coiiimon in fho M<'war <l(‘po»i(H. Wlw'u < 1 ip pyinxcncs, 
ain]) 1 iilH>I('h and oli\in«‘ ctadaiii bon, lilaniurn and tliromnmi in 
addilion, miiK'rjlH Midi ns nuij'iH'liio, inlilc, ilun'iiHc, liianiU* and 
cliromiti' ^\ill upix'ar on I ho documposlilon ol tJio parent jniucrala. 
Snell })ro<lucts aio abundantly dissoniinalcd tlirougli tlie talc- 
scrpentino-rocbs of Mowar. 

Sorpculinc, ciilorilo and ^solbllc, being the oaiial decomposition 
products of liuHic and ultrabasio rocks, also appear in varying 
quauiitios in the 1*0010) under discussion. 

SEQUENCE OF METAMORPHIC PROCESSES. 

There hud been at least two types of niclaniorphio agencies at 
work on tlu* parent m*k before it was eonveiled into talc-sorpeutino 
lypi'H and uMsoeialed sdiisis, vis . -(1 'elieniieal, i.c., tbo action of 
water eliaiged willi carlamie ih*uI ; aiwl (U) meclianieal, i.e., the action 
of the folding, faulting and shearing stresses. TLo scqnenco of these 
two proei'Hses may be iiifemKl from certain cliaractcrs of the rocks. 
Mention has already been made of a variety of tins rock in wliicb 
ciystals of titauito are found to liavo arranged themselves parallel 
to its planes of lamination. Tliis shows that the foiination of titan- 
ite had been complete, or almohfc complete, at tbe time the planes 
of lamination were produced in the rock, or in other words, that the 
chemical disintegiatioii preceded the medianieul defoimution. 

Rog.irding the senircc of Uio COa-ladeni water, one naturally looks 
for it in the gase'S liberated durmg tbo consolidation of tho intrusive 
rock. Ihit wlietlnr the granite wbich is femnd oociuTing in the 
lock, us well as in the ne>ighhonrhood, has also oontiibutekl a 
share it is dillicnlt to say. Consitloring the complete me'tamojpihisni 
eif tlie oiiginal fe'riomagnesiaii minemls wliioJi character is coiinmon 
to beitli the ultrabasie* rewk anel the gr.inites anel also the kaeilinised 
lint lire e»f the fedspars of tho latter, it seems probable that tho 
decomposition was not wholly prc-graiiitk*. The scliihloso nature 
of tbo granite pnives that its intrusion took place prior to the 
advent of tho comprossional stresses whidi disturbed both tho talo- 
serpcntiuc-rocks and tho granite. 

ECONOMICS. 

As mentioned before, workable quantities of steatite, varying 
between greenish gray and greyish white as to colour, and of variable 
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quality, are found half a mile io the W. H. W'. of IliUinlHleo (‘Jl" O' : 
73° 41'). It occurs over an area of about a qua Her of a N<|uart> mile. 
Shallow abandoned quarries are present in Hie steal ili' zone. 

The asbestos, being very small in i{uau1i(y, is not. of any econouiiis 
value. 

The talc-serpentino-rochs, owing to their fro<|uently handsonic 
green colour— pale green varieties are also seen—, and tiieir softness 
rendering them easy to work, are extensively used in the dislriet 
for decorative purposes, and for door-posts and lintids. They arc 
in great demand for the local temples, boHi as (h'corativi' stones and 
for the purpose of making imag(*s aiul idols. At Khmuhnin 
(23° 57' : 73° 39') near Kherwaro, in Ihlaipur {State, tlii'i-o is a big 
quarry wWch supplies the local demand. Aeeoi-ding to Daru ‘ talc- 
schist or pot-stone ’ is quarried to some e.'ct<'nt near .lakol .55' : 
73° 49'), in Dungarpur State, and ‘ is used for making pots, images 
and ornamental parts of buddings 


EXPLANATION OP PLATES. 

PiiATB 27, Eia I.— HomWenda-rook showing hornlilende with cleavage planes. 

Along the maigius ai-o ojiaquo iion-ow* (hltuk) and plagicH-Iasc 
(white). Ifici'oslido No. 22148. Ordinary light. (X 20). 
tia. 9.— ToJo-chlorito-rock with small gi-ains and iMipphyroblaHts ot 
titanite (showing two systi'iiia of eloavagi')- 'riie groinidraara 
is composed of talc and chlorite. Tliere is a vein of ehlorile 
cutting through a ctywlul of titaiiito (upisr riglit-iiuiwl errner 
ofthefigme). MicroHlido No. 22149. Ordinary light. {X 2t)). 

Plate 28.-Sketch geological map (parts of ahoots 45 J1 and 4tt K) showing ihe dis- 
tiibntiun of the taIe.w‘r])entbuM'hIorUe>roekB ol tjouth 
Mowar and Dungatpur. ficalo, I inch sa 4 miles. 
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On tub Agbop Certain Himalayan Granites* By J. B. 
Auden, M.A. (Cantab.), Assistant Superintend eni , 
Geological Survey of India. 


INIRODUCTION- 

In OoiolxT, UK)2, a ])ol)l)lc of £>raiiil ;0 \vas found in the 

M^olcanio hroocia ’ of (Jailiual, AUiich liad Loon previously mapped 
by Middlotuiss,^ This granite rosomblcs granite found itv situ in 
the Arvva valley of the Central Himalaya. 

The o])j(‘«t of tliis note is to diseiisH the bearing of this rcsemblanco 
on the age of tlie inferred paient granite. 

This distnission perhaps ap])eaTS dispro])ortionattdy long con- 
sidering the small size of the pebble, but more than one x>obble, 
boulder IumI and gi*anitc proved to bo conccTnod. 


•VOLCANIC BRECCIA 

Th<^ exposure of volcanic* breccia, in wliich the pebble of granite 
was found, is at the confluence of a small nala with the Modi Cad, 
ut Raitpur (29"^ 51' : 78° 12'), in half-inch to the mile sheet 53 K/N. E, 
Middlemiss ])IaccH this l>rcocui at the base of his * Purple Slate ’ 
series, at the burtC therefore of the sedimentary sequence belonging 
to his ‘ Outer serie-* The breccia at llail])ur lies abnormally above 
the Tal beds, and is itself overlain by the ‘ Inner Bchistose Series “ 
witli its cap]>ing of gnoissio granite.^ 

The real succession he gave as below. To it I have added a 
ooiTidation witli the rocks of the Krol bolt between Solon and 
Chakra ta. 


Tab- 

Massive Umestoxie 


Gnrliwal. 


ISrol Bolt- 


Tab. 

Upper Krol limestone. 


Bticple Slates 

(Ooxiglomeratio boulder bed in Purple Slates) 


fKrol B (Bed Shales)- 
Kiol A (Lower Krol imestone). 
i Infra Krol. 

Bloini- 

LJannsars. 


Voloanio breeoia 


? Mandhalis. 


1 Bee. Oeol. 8wrv, Ind,, XX, p. 33, (1887). 

^ The term • voloanio breeoia * has been placed in inverted oomioas, booause it is tin* 
Certain what the exact nature of the rook is. It b probable that Middlombs would not 
have bemx so positivo had he examinod those rooks a few years later [see Bee. QecH. Bun^ 
Xnd.f XL, p. 233, (1910)]. X hope to disouss this question in another place. 

* The modem cantonment of Lansdowne Is built on this gneisBio granite. Sbnuerly 
the hiU was called Kalogarhl. 
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The ooirelation of the lower part of tJio Tiirplc Slutos with the 
rocks of the Kiol belt ia unoortaia. Along the Paiiri track, K. N. K. 
of Radtpur, Upper Krol limebtotie, lh*d SlialcK, Lowoc Krol limcHtoiw* 
and Infra Rrol were all clearly roooguiKable. Aflcr tliiK follow 
purple slates with bauds of green slate, a tliin (ioiigloiueralic boulder 
bed (distinct from the volcanic breccia), more purple ^laies and, finally, 
ripple-marked quartzites. These purple slates and quartzites are 
certainly to be matohed with those foimd in the Jaiuisars of the 
Solon-Ohakrata area, and it is tempting therefore to correlate the 
thin conglomeratic boulder bed with the Blaini. 1 did not see the 
volcanic breccia in its normal position, but its assignation by Middle- 
miss to the base of the Purple Slates suggests analogy with iho 
Mandhali boulder beds wliicili uppetu* to umlcrlie tins dauiihartf near 
Chakratd and Kal&i. The coiTt*ct iHiwtion of the Maiidbalis is not 
yet fully understood. Oldham, Pilgrim and West have' all tenta- 
tively correlated them with the Ulaiui ami Infi’a Krol. Jf tins is 
substantiated, it foUom that a thrust must bcpuralc them from the 
overlying Jaunsars. 

From the point of view of the ijrescnt pajwr the* exact correlation 
docs not naatter. It is safe to say that the volcanic brt'oeia occurs 
at a horizon below the Krol limestones which is either equivalent 
to or older than the Blaini. The Blaini is now regarded as the same 
age as the Talchirs, which are Upper Carbonih'rous m age.^ It 
was considered by Sir Thomas Holland to be I’uraiia,® but Pilgrim 
and West have given cogent reasons for reverting to the original 
Talchir correlation made by Oldham in 1883.** No one has suggested 
an age younger idian Uiqrer Carboniferous. 

It may be taken, therefore, that the volcanic brec«da of (larhvval 
is not younger than Upper Oarbonilcious. 

It follows that a pebble of granite which occurs in tJiis vchauiic 
breccia must be derived from a 2 )arcnt gi-anite which can at tlu* Jab'st 
have been e^wsed to denudation in Upper Carboniferous times. 
The intrusiou of this granite would probably have been earlier still. 


THE PEBBUS. 

In t3ie hand-specimen this is seen to be a fresh lino-grained non- 
porphyritlo granite, with quartz, feldspar, green lerromagnesian mineral 
and pyrites (^eoimen No. 44/643). 


Ind., Un. p. 181. (1928). 
15?®- xxxvn, p. 129, (1908). 

«ft, XS^ p. 180, (1888). 
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Its specific gravity is 2*63. 

Under the microscope, the rook is soon to coutuiu quartz, albite* 
oligoolivse, cUloiitisod biotite, i)yi'ites, ilmouite, apititc, calcitc (rook 
sluio No. 2217J). 

(Juurlss and jjlngiocluN! arc afwiit equal in amount. TLc plagio- 
cliiBo gives maximum extinction angles pcri)ondicular to (010) of 
15°. its moan refractive index is equal to or just below tliat of 
Ibalstim ; in one ense vciy sliglitly above. The mean refractive 
iivdex is always well below Ibat of quartz. Tbe mineral approx- 
imates to albito-oligoclase. It is generally turbid with slight sauss- 
uritsation. 

The biotito bos been almost completely altered to cHoritc, with 
liberation of iron. Sluvds of brown and more birefringeiit biotito 
are occasionally to bo seen iutoi-Ieavcd with the clilorilc. 

ry]'it<‘H, ilmenite and ruro apatite occur. Calcito is found in 
considerable quantities in interstitial clusters and veins. 

I’lro rook may be callo<l an alhiie-oligoclase-granitc, 

GRANITES IN THE ARWA VALLEY. 

From Musapaui, in tlio Sarasw'ati valley, six miles nortli of Badri- 
nath, to Ohastoli and ti]) the Aiwa valley, a great variety of 
granites and gni'issic granites is found. The commonest type is 
a moderately fine-grained white granite, without parallelism of 
minerals, showing quartz, feldspar, muscovite, biotito and often 
abundant tourmaline. In a<ldition there arc glotneroplasmatic 
gneisses with clusters of biotito, gneissio granites, feldspar augon 
gi-anitcs and abimdant pegmatites with or without tourmaline. 
Along the Arwa valley, from near the west cud of its west to east course 
up to the I6,3tM) foot base oamp established by the Komet Exped- 
ition in 1931, there are found porphyritio and non-porphyritio 
granites with prevalent green ferromagnesian minerals, and often 
with i)yriteB. It was the memory of these granites which at once 
at Kaitpux suggested a relationship with the pebble found in the 
volcanic breccia. 

Specific gravities of two specimens, one a green granite, the 
other a whiter, biotite-granite, are respectively 2*66 and 2*63. 

Under the microscope, these granites are seen to contain abundant 
quartz and albite-oligoclase. Mioroperthite and onorthoclase also 
oooux and may be prevalent. In slide 22062 tbere is mioroperthite 
with subordinate oligoolase, the latter occurring both as feesh otyslals. 
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and in portibifcio intorgrowth with orilioctlaho. In init-JO- 

pertWte is less cominon tluin albitc-oligoolaso, while in oik' hli<ln of 
22061 albite greatly exceeds anorthoclasc in iinionnt. filolilc is 
more common than mnsoovitc, and is vi^ry gt'ncrally <jliloriiih«‘(l, 
22061. Tourmaline is seen in 22065 and 22001. In 22005 there is 
apatite. Sphene occurs in 22061. 

These rooks vary from albUe-oli{ioclaise-gf«nile to adumcUilo. 

COMPARISON. 

It is seen from the above descrij)tionft th.it t-hei'i* i > .i e.losij .simil- 
arity between the pebble found in the vohsauit! breoisui of Kail pur, 
and the granites found in situ in the Ai‘'va vulh'y. TIio (tlosesi 
similarity is with rock slice 22001. The strikin'^ fe.il'Uro is tlio 
prevalence in both pebble .md in situ granite of sodic plagioelasc.’ 

It may be concluded, therefore, tiiat granites, similar to tho.''e 
found in the Arwa vafloy, wore intrudal before the Uj>por Uar- 
boniferous. 

Hayden® describes the presence of fragments of granite in the 
Kuling series of Spiti and the Agglomerate Skte of Kashmir, and 
therefore ascribes a pre-Carboniferous age to the parent rooks. 
Mr. Wadia tdls me that the pebbles ho has seen in the Agglomeiato 
Slate ate of white gneissio granite, very similar to that of Iluiiaru. 
Hayden goes on to say — 

‘It win be seen Babs'quentily tiiat at this period the Hiiaalay<v did not oxist 
and this old granite must therefore bo exoludod from tho term “ nimalayau.” ’ 

He contrasts tliis old granito wth other granites found in the 
Himalaya, which have boon rcgardwl as Croiacoous or Tertiary 
in age. It is here that there seems to bo a diBoi‘(*]juiuiy, booauHO, 
on the acooimts of Gtieshaoh and Hayden, tlio granit(>.s of the Arwa 
valley must be correlated with those later granites, and, on tlio ac- 
count given above, similar granites should be oonsidered as belong- 
ing to a Paksozoic suite. 

It should be pointed out tiiat the ooounenco of albilo-oligorlase is not peculiar to 
the Jam granites or to those found north of the Himalayan axis. It occurs, often ex- 
tenslTely, in the Hazara, Ohor and Lansdowne granites. MogascopicaUy, thoHo latter 
masdtes, erven whm unfo^ted, are markedly different from those in the ^raswati and 
ju#a vsBeys.^ UimmMopiosUy there seems to be a greater sptesbding of small urystids 

piiai^ ndoa, distinct from saussnidte-mioa, throughout the feldspars, than is found 
la tine j&snra gr&mtes* 

**Gdograpli;f aipd. Geology of the Hitaalaya% p, 210» (1907^8)a 
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* (lodihh tlio jikmuco of yoimoor ^itniitcs cuUiiig 
through tho ohhu* and .sdiiisis, and liaNoihiiig the ovoilying 

lotlh of till* IJtihnanla sjstim (Cauihrum and? 

* *^^ ^^ * |)ie-<‘anilnian). Hi* sialos that llu* greater ]iea]<s 

of the (Vniral llmndaya are all ^vitlnn the line of this granitic 
intnii^ion, eiting those of Kamel, Alaiia and Badrinath. The Aiwa 
valley lies \Mthin this line. He deseiilicn those loeks as containing 
muscovite, (juartz and olhite, with aeco^soiy minerals such as tonima- 
liiK*, garii<*t and horyl. There can hi^ no doiihl that the Anv^a rooks 
belong to this so-called newer uraniti* suite of Ciich>*aeh, 

He remarks that there is nothing to show that the later Himalayan 
granitic of Kumaon and Oarhwal is much younger than low^r Pako- 
2 ;oio, hut sucgosls that at least some of these granites are equivalent 
to thoHi* in the Hindu Kush wdiich are intrusive into upper Cret- 
aceouH rocks. He tinally favours the view that the granites were 
intruded not long prior to the extensive basic rocks of Hundes, 
wldch are ]\liddlc Tertiary in age. 

Ill tlie Spiti area Haydou® describes a biotito granite with ortho- 
clase in ex<*<‘ss of plagioelase, which is intnisivo into older Palueozoics. 

In Hupshu he mentions a similar granite which 
cuts Carboniferous and Pciniian schists, and 
must therefore be post -Carboniferous or possibly post-P(‘Tmian. 

In the j>rovincos of Tsaiig and in Tibet,® lie describes 
three sori(*s of igneous rocks — 


Hayden. 


(1) A foliated biotite-granite associated with touimaline-granite, 

intiusiv<‘ into Jurassic rocks, and probably not older 
than liloc(*ne. This is a continuation of the great granitic 
axis of the Himalaya. 

(2) Series of basic dykes, possibly PJocenc. 

(il) The Kyi dm liornblendo-albite-sphene-granjie, which is defi- 
nitely not older than Ui^pcr Cetaceous. 

Tn the ' Qcograjihy and Geology of the Himalaya \ pages 218 to 220, 
Hayden summarises the known oeciirrences of granite as follows : — 

(1) Pre-Carboniferous granite, found as pebbles in the Ruling 
conglomerate and in the Agglomerate Slate. 


* Mm. Qtoh Surv. Ind,, XXHT, p. 42, (1891), 

* Mm. Geol. Surv. Iftd., XXXVT, Pt. 1, p. 98, (1904)* 
» 0^. eit., XXm, Pt. 2, p, 62, (1907). 
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(2) Gneissose granite, dcsoribcd in detail by l.ieut.-Gotior.il 

McMahon, and. thought to bo oailj' 'l’(‘itiary. 

(3) Biotile-granite, touimaliiio-granito, hc)inblt‘iul(‘-gi.iiii(e, which 

arc either late Crota(!C‘ouH or Tciliiiry. 

It is the biotite-grauito which IJay<lon ht.ifi’h (Xiciirh at ('haiub,i, 
Chot, Lansdownc, eto. 

This classification is open to question. iCirstl), altliougli Ifayden 
states that the granites of Chamba, Chor aud Lansdowiui belong 
to his biotite-gronite divibion, yet it is those 
granites which were descril«‘d l>y MijMahon, 
and which are so largely gneib&io. Middleiniss * and West * have 
both shown the passage of massive unColiated granite into gneissio 
gramte, and it is probable that the biotito-granito and gneissio 
granite of Hayden's classification are different Init udimutely reluled 
modifications of tho same magma. Secondly, the late GreiaoeoiH or 
Tertiary age of all these rocks is not so definite as il.iyden’s a(!COunt 
leads one to suppose. 

It is true that McMahon was consistently in favour of a Tertiary 
ago for the gneissic granites which he had examined. Middlemiss,^ 
however, maintained that tho Hazara gianitc, and 2 >robably also 
those of Chor, Lansdowne and Dudatoli, wore pre-Tnassi«. Mc- 
Mahon* criticised these conclusions, without, in my opinion, adding 
support to his own assertion of a Tertiary age. The evidence 
adduced by both these authors was of a negativo kind. 

In an important memoir,*^ He Terra has given an account of 
his geological reconnaissance through Central Asia in 1927-28- In 
the western K’un-Iun (p. 47), ho has dis- 
covered two main ocotitrenoes of granite; that, 
of the K’un-lun proper (his Haupthette), and that of tlio Kilian rang(>. 
These granites are intrusive into gneisses, schists and sodhuenlH 
of the Karakasch and Eilian series. The latter series is Upper 
Silurian in part. He Terra considers that the intrusions are of 
Lower Hevonian age. It is noteworthy that they have been strongly 
affected by orogenio movements of late Palseozoio ago, which have 
resulted in the formation of schistosity and lamination (fhttllgp 

» Jfee. Oeol. Bum. Jtti, XS, n. 138, (1887). 

*Mm. ChoL Sure. Ind., Un, p. 63, (1938). 

Op. <!«., XXVI, p. 277, (189«): 

< Qtia. Mag., p. S94 (1897). 

/nwav****”**^®'******’’****® ^ westliohen Xundon und Karakornm-Himalaya’, Berlin, 


De Terra. 
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Absondenmg) oriented in a K W.-S. E. direction. The modem 
Kilian chain ntiikos ahaaost due cast-west. This N. W.-S. E. 
direction oi Paloeoisoic structures may ho comx>arcd with that found 
by Dr. Heron in the Kirana hills (31° 68'; 72° 45') of the Punjab, 
to bo mentioned later. 

De Terra oonsidois that the Tanksc granite, of the Iiadakh 
and Karakorum area (x). 113), is dcDnitely unconnected with the 
late Cretaceous and T<^ary folding of the Karakorum, but was 
intruded m late Paleeozoio times. 

ARAVALLI DIRECTIONS IN THE HIMALAYA. 

In favour of the pte-Triassic ago, advocated by Middiemiss, 
for some of the granites intensive in ranges bordering the Peninsula, 
is the striking orientation of phenocrysts and of lenticular and linear 
structures ^ in the gueissic granite at Lansdowne. In iSfteen ob- 
servations over different parts of the granite, I found the range of 
direction varied from 36°-216° to 60°-240°, averaging N. E.-S. W. 

Similar directions were observed in the tectonic elongation 
of pebbles in the Jaunsar conglomerates along the Falor river 
(30° 42' ; 77° 24'), which averaged 60°-240°. Pold-ripples in the Jaun- 
sar phjihtes at Shallai (30° 40' : 77° 42') varied from 80°-260° to 60°- 
210°. The Bohistosity of the quactz-sdiists in the Jaunsar series near 
Andra (30° 36' : 77° 44') stankes due N. E.-S. W. These Jaunsar rocks 
ate possibly Devonian in age. Idioblasts of andalusile in a homfels by 
the Ramganga river (30° 2' 80" : 79° 17' 30") were seen to bo oriented 
in a 00°-230° direction. This last occurrence is interesting, because 
the homfels is a product of metamorphism of the Dudatoli granite, 
which oon almost certainly be correlated with that at Lansdowne. 

This orientation is at right angles to the present axis of the 
Himalaya, and is the same as that of the Axavalli range. If the 
present AravaUi range be contmued across the Gangetio allavium, 
it is seen to meet the Himalaya between Chakrata and Naini Tal. 

No orientation along AravaUi directions has been seen in beds 
higher than the Blaini. The Infra Krol and the Krol limestones 
are unaffected by it. Fold-puokors in the Lower Krol limestone 
wore seen to bo paroUel to 120°-300°, that is, parallel to the axis 
of the Himalaya.* 

^Maaerigi (Zen<tMtr<) and OeOreeUt (Uneare) Vexhir, Grabenmoan-Kiggli, 

' Die GeslelnsmelAiaorphose p. 456, (1924). 

* Some of tlieqo fold-pnokots a.Te distinot from tbe lold-iiptJes in the JannBais 
which were menhonod above. Tliov appear to bo original sedimentation ripple marVs 
thnl) heve oSeicd avonnee of rehet to later stress. 
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Acocpting tlic Blaini as Tipper CjujjoiiiA'ious, it follows Umt tljfi 
dating of tliis Aravulli orionlidioii is iiol Lilcr limn Cari-oiiiforoiis. 

This K K.-S. W. orioiittitiou was picainiiiMy conm-tiicd wiili 
erogenic activity along ilu* Aravalli hms. It iiiiiN Im> lotn.iiKod (hat 
the linear siihihtoisity {(ivUndJe Talio) of (Ii<- anipliiltolcs in dm 
oalc-sohists of the Aravalli range of Raj[»u(,nia was j(HiiHi to !«> paral- 
lel to the axis of tho range, The leld-par pln'iioirysls 

in the TSrinpura granite, as, for instance, at 2*1° 3!»': 73° 15' (com'cted 
longitude), arc similarly oriented. It is true that (In* Ddlu 
to which tlioro oalc-schists liclong, are pre-(*atnl)tian in age, and 
owe their stmetraos to an orogenic. activity that was pro-Caniluian 
but there is reason to supjiose rejuvenation along this range.' 

The Vindhyan rocks of IJuudi and Kar.inli Hlates are sharply 
folded and faulted in a N. K.-H. W. direction.a 'I’hese mov(‘ni(‘nlH 
were post-Bhander in ago and altogether distinct from the earlier 
orogenies responsible for the stniotures in the Delhi rocks. The 
age of the Vinettyans is not delinihdy known, hut reasons Ln\e been 
put forward to support tho supposition that some of tin* si'ries in the 
Vindhyan system may ho Cambrian.® This would imply that some 
of the movements affecting tho Vindhyaim were Cambrian or later 
and accords with the considerations advanced above for stiiicturos 
found in the Palaeozoic rooks of tho present Himalaya. The 
movements were post-Cambrian and pro-Permian. 

Middlemiss* has also recorded the prescm*o of structures in the 
Kumaon which are oblique to the modern axis of the Himnlava. 
Basic volcanic rooks, with interbedded qrairtzites and slates, h1io\v 
folding, cleavage and crushing along a north to wmfh slrikt\ He 
states 

•Tho lines of disturbance, therefore, in wme Himalayan rocks <lo not ooinoido 
^h those of the Sub-Himalayo, nor with other irimaloynn rooks, and most have 
been duo to other smd older dirootiom olthruRt,' 

The ‘Tlimalayan’ rocks of Mkldlemiss and Me<nicott an* pro- 
Tertaaiy. The ‘ Suh-Himalayan ’ rocks are the Tcrtiarics. 

Dr. Heron has kindly drawn my attention to the N. W.-8. IS. 
strike of the Aravalli rooks found in tho Kimna hills, Punjab.* * He 


iffeimor, See. 6edl. Burv. Ini., LXn, p. 301, (1929). 
* Heron, Seo. Qed. &m. Ini., XUOI, p. aOO, (1918), 


ISurv, 
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siafcos iJiat tiio hoi'dor folds u1oii*j tlie s<Aitli-oast flank of the Ai*avalli 
i<‘iiid to out- .)! Ilit*ir o\irojniiios to the east, while the 

ocnliMl of Km jan^<' i'oidinno undoflooteil jin a N. E.-S. 

<lij‘<<;tion lo\\,nds I'ollii, h no ^ vidoiiMt* of tlio sjdayiiii; out 

of {l»i hordoi lulds nltoi^ lli<‘ noi1h-\M‘»d. Hank of the ra.n«c, wliich 
ini'ilit lia\o Ikmui used (<» esplcnn tlio N, W.-kS. K. strike of the rocks 
at Kiiana. \lln\iiitn ({o\<M‘h all the iiiU^rvoning ground. 

While tlu‘ c^Lstonee ol stnietuics showing N. E.-S. W., or Aravalli 
diroetuairt is of importanct ii^ llie i)ai*t of ilie Himnlaya with which 
thin paper is <duo(ly coiKtoiuecI, it is clear that else^\hero those earlier 
striKdures a^suni('<l ditTorent orientations. Both at Kiranaj and 
ill the Kdian chain, the earlier, Aroluen and Palcoozoic, structoj'cs 
occur in N. K. ilirections, at right angles to tliose found in 

the Himalaya between Chaki'atn ami Naini Tal, and at right angles 
to the Aravalli chain itself. 

Tlio important ])oint; is liiat signs of earlier erogenic activities 
are till recogiiisahh^ in tlie present Himalaja, in stnictures which 
arc ofWn inedined to tlu* axes of the later, Teriiaiy, chains. Both 
Paheozoic and 1’<‘i‘tiary chains show iH^gional variation in direction, 
but the diieidioim assumed during the two eras are not everywdicre 
coincident. It is this lack of <ioincidence vlnch is of value in de- 
termining the relative ages of intrusions. 

ARKOSES. 

In (jonnection with a pro-Triasski age for some of the Himalayan 
gninltt*s, ni<iy be mentioned the prevalence of arkoses in the Jannsar 
s(‘ri<‘s (? Ih^vonian) and in the Tal series (almost certainly Meso^oio)* 
Th(^ tfaunsiir ackosos contain plagiodaw^ feldspar and tourmaline, 
and tlui Tal arkoses, miciwdine feldspar and touimaline. 

It may he concluded tlmt those arkoses were derived from erosion 
of granites. It is true that any oxlensiv(‘ series of metamor^jhio 
gmnulites (para-gncisses), such ns occurs between Josimath and 
Mana, would judd abundant miitrocline and plagioclase, and that 
the presence of foldpsar alone would not prove a gi*atiitie provenance. 
It is the joint occurrence of feldspar and tourmaline that suggests 
a granitic source for the Jaunsar and Tal arkoses. Further, pebbles 
of feldspar may frequontly* be soon in the Tals, which are too large 
to have boon derived from granulites. 

F 
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LATER, HIMAI.AYAN. Sl'RUCTURfcS. 

Pilgrim and WcbI Iiavc dowribccl tin rtirnst Jis|.l M'oint'j’f of tli > 
Chor granite and itfi (ionniA hk.’ 1. of rii(o<>li i*!, (h?o (o tlio 
Teirtiary movement^.'' ft is <|uito p<> il1i“ fLil tlio I 
granite, ■Willi its aHsooin'fct'd and '^(‘lii.d'' iinii1,i»ly .1 tliiu t 

mass, onourring aa a Klifpe on Suliallins, Tala, Krol, and iiiiderhiny 
slates. Middlemisa liintcd al lliis in I ut (‘ondonintMl llu" 

idea with arguments that do not appear io he altov'llier found. 
AVhatever be tiho true explmifion of the displ.-xsod siliudion of 11. e 
Lansdowne granite, it is clear that sul mtuenl lliinnl iven nmve- 
ments have greatlv modified ils ]josition, as ilie\ di<l llint of 
the Chor granite, without, however, ullei'ug Ihe Ar.iviilli orieiilalion 
due to the original intrusion te«stonics. 'Hie <,iimnt(.- m.i_i Ik 

eonsideretl Himalayan, in tho honse that they have been ineor porn led 
in lator Himalayan structures, hut it seems that tlu^y wene lad 
Himalayan in their original intrusive* condilion. Tliis was what was 
claimed by Hayilen for the parent gnjnito of the pebbles found in the 
Killings and ^0 Agglomerate »Slato. 


CONCLUSIONS, 

Summarily, the ovideuoe may bo put forward as follows 

{!) In Tibet and tbe Hindu Kush there is indisputable evidence 
of late Cretaceous or Tertiary granit<*s. 

(2) In tho Central Himalaya there is indisputable cvidi'ne,c of 

granites intrusive into tho Carboniferous. These have 
been regarded as Tertiary, oliiefly because of tlie exis- 
tence of known late Cretaceous or Teilinr)' granite's in 
Tibet, etc. \ ])ebhle, resembling some of the newi'r 
suite granites in the Central riimulaya, has been fouiul 
in the volcanic breccia of Carhwnl. nic granit.e, from 
which the pebble at Hait|Uir ■was derived, must have 
been pro-Triassic. It is possible, therefore, that both 
tho older and newer suites of granite in the Central 
Himalaya are pre-Triassic. 

(3) In tbe border ranges, including Hazara, Chor, Lansdowne, 

Dndatoli, there are characteristic gneissio granites which 


‘ Mm. G«a. Bun. Ini., Un, p. 128, (1028). 

* JJee. Otol, Bun. Ini., Xt, pp. 84, 87, (1887). 
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were held by MoMahon fco be Tertiary, but by Middle- 
miss to be pre-Trias&ic. In the oase of tlie Lansdowne 
i^i‘anito, fcbe homfeb related to tbo Dadatoli granite, 
i/Iiorc are Htrii<?iiu‘es wliioli aoootd bettoL with -^‘avalli 
t<*(jtonio*i, J Gobbles of ^neissic granite, similar to the 
Ilazaui ' 41 V uiu, have been found in the Agglomerate 
Slaui. There is more evidenoo in favour of a pre-Triasbic 
ago for those roeloj than for a Tertiary ago. 

It will 1)0 kSOou from tljo abovo disonssion tlial there are a groat 
iimnlM*r of ujieerLaiiiti(‘s. But it seems defiiiito tliat some, at least, 
of iho giunitoa <;f the Central Himalaya and border ranges (doscr to 
the PoiniiKSula, uhioli liavo been coiisideiod to bo ol Tertiarj' age, 
origintilly intnulotl in pre-Triassio times and l^elonged to pre- 
l[im«ilayaii tectoni(»s. These earlier granitoM are of diverse types, 
and ar<* urobably o[ uioie than one age. 



•172 




Tables OF Production, Imports, Exports vno Con- 
sumption, OF MlNbRAl.S AND METALS IN INDIA l;\ 
L. L. Fermor. O.B.E., D.Sc., A.H.S.M. M-I.IVI.M., 
Director, Geob^al Survey of Iiulia 


INTRODUCTION. 

In a paper ^ road in 1927 ai. Alonlrcal, Oatiadfi. at llic .Second 
Empire Mining and MeLillurgieal Uoiigiess, Sir Tlioniiin llolhuul 
advocated the desirability of a levicv, ol the inineiid icroiiHii of 
the Rritish Commonwealth of Natiom, ko tind iiiloinndion hIiouIi! 
be available regarding the suipliweft of miiienil .npi'bea in ceilain 
parts of the Commonwealth available to meet delieienciei- in otlici 
parts, and so that the data might be iiecnmulutul niceisii.' loi tin* 
formulation of an economic jiolicy witli regurd to the niitieial in- 
dustry. This paper* had aheady been Hiibmibted in ditdt foini 
and disoussofl at a meeting of the Institution of Mining mid Aletal- 
lutgy in Loudon earlier in the same year ; and after dihuiission at 
Ottawa, a resolution* sponsored by Mr. It. E. Palmer, President id 
tho Institution of Mining aiul Mctalluroyj was pa.ssed by the Knipiie 
Congress referring .Sir Thomas Holland',, |.ro]iusu1 to the Knipire 
Council of Mining and Alctallurgiea] Instifidiom. for < otin'deraiion 
by their eonstituont botlies. hi lus Pre„ideiiliul Ad.lref„‘« to the 
Brihsh Association al . folia nne, dung in ,Sir Tlminai, ilolim.d 

took up this problem in another aspoot umler the title id the ‘The 
Intentional Relationship of Minerals', in the course of viJiiel. be 
developed the thesis that owing to their control over a very con 
mdaahle proportion of tho total mineral resouices of the no, Id, the 
British EmpTO and the United Statos could, l,v refusing to ,oi,o,l 
mineral products to belligerent countries, lavvcut wars of long 
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diu-ulioa. Sir TJiomdSj llulland, tliorelore, regarded Ms proposal 
ior a review ot Empire miuoral resources relerred to above as a 
proposal to hU|)pi)' tho data ueoessaiy to " facilitate a worlaag agi'ee- 
uioJit b(‘li\M“i‘U ilic two great mineral powers time alone have tlie 
avowed dehuc aiid thi aliilil} lo etisiue tbo peace ol (lie Vvorld 
V.t tlie 'iiiird Empae i\liu!ng and ilietallurgical C'uagiess at Jobaunes- 
b'Ug ill the C'ouu<‘il anuouiiLea thai they liatl reached deci- 

•^loiis m regard to the scope and charaetei ol the proposed review 
of miuoral resources auu iiidictiies ol the Empke and the eondi- 
tious alloctiug iheii development. It was deckled that each of 
tlie constituent hodiec should iorm a committee to deal with tho 
(lovormuiiit ol its own terrilorj', aud the lines upon w’hich the pro- 
posed mineral survey should uroceed wiuo laid down. 

'I'lie siiggestioiif tiuit eiuamikHl Irom Sk Thomas Holland wor-e 
tivonliuiUv adopted bj the Imjieiial OonJoronce of 1930, which 
iiistrueted the lm]»ojial Economic Committeo to give elieot lo the 
lesolidiou ouibod} iu!< tluvte aims. sjieeial committee, entitled 
tlie ■ Miiiorals Commitlte oi the Imperial Economic Committee', 
under the chairmtiuship ol Su William Inrkc, was appointed to 
devise a lorami n plan tor the collection and subsequent eoriela- 
tion ol existing iiitoimition on the mineial resources of the Empke, 
aiul to the (ieologieal fciiu'vey ol Indi.i she duty of putting together 
the statistical daU for this country was entrusted by the Govern- 
ment ol India. 

A.S Iheso data, now Unit ilioy have Ijcou collected, prove to be 
of gre.it interest, it has been decided to publish them in tabular 
form, altlioiigli Ihty <iiv admittedly incomplete, as an addition to 
till) ligiue.. alri'udy published b^ this Department in its Aimual 
and tjiiiiujuiuiiiial I’evicws ol the Mineral I’loduction oi India. 
'I'lie CO Qporatiun of the Depurtmeut of Commercial Intelligence and 
KlatisLics is coniially acknowledged. In future years if tho data 
concerning imports and exports ol minerals and metals can be 
obtained in time, it is proposed to include the appropriate iigures 
in tho Aunual and Quiuqucmiial lleviews of Mineral Production 
of India. Tho form of each of these tables follows as closely as 
possible that adopted as the standard by the Minerals Oommittee 
of tho Imperial Eoonomio Committee. 

^ Lae, eit,^ p. 104« 

* Proceedings, 
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The following cxplajiationa to the tabular data ar<i oflered : - 


Table /*- Mw&ial tvscrovs, 

Adotjuatc informutiou regaiding luiiuMul r<‘yoj*vt‘S U availal>I<J 
onlj. for coal, iron, buiixiie, coj)ik‘i iji flu* cum* of 1h<‘ liulitoi (*oi)iK‘i 
rori)oration, Jjtd.’s Mosaboni inino, and the mixed bilvor-lead-wm*- 
copper-ores ol the J4xu*ma Oorpoiatioii, Ltd., ul Ibiwdwiu. In other 
cases, as for instance manganese-ore and magnesite, all that can lx* 
said is that the resources ajo fat* in ex<*css of prolxihle retjiiirenionl/s 
for many years to come. The Hgures in the lart t\vo <}olunin.s ar<* 
additional to those shown under ‘pro\ed reserves’. 

Table ll-A.—Anuml mincnd ^trodactioh. 

This gives the production, lor tlu* calendar years 10li», Ihl/, 
192d, and 192() to 1931, taken from tlie Annual and <iuin<ju(*unial 
Reviews of the Mineral Production of India. 

Table — Amval metal prodvcUort, 

This is compiled mainly from information kindly supplied by 
tlie various companies, and relates to tlio same years as Table If-A. 

Table III and Table IF.- Imports and exports respectively of minerals 

mil metals. 

These statistics were sujiplied by the l)iro<ttor-(Jeneral of t\>m- 
mercial Intelligence an<t Stati«ti<*s, anti relate to the Jiscal years 
1929-30, 1930-31 and 1931*32, the liuliun oflicial year being from 
April 1st to March 31st. They are extruded from Ihe customs 
and shipping returns and give the counkies to which exports go 
and from which imports come, but are admittedly not uomphite. 
In Table III the terms and in column 2 ‘ kinds and grades * ai‘<* 
chiefly those used in the Sea-borne Trade and Navigation Reports 
of British India. 

Table F . — Consumption of mtnerals and metah in 1931, 

In this table relevant data of production, imports and exports 
for the year 1931 are brought together, and the consumption of 
each deduced in so far as this is possible. In the final column 
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an attempt is made to show whether tlic Indian production m-a-vis 
inU-rnal consumption yields a surtihs, is ap^iroximately sufficient, 
»>r is lii/«iffi(‘i'‘nl for ilio present needs of India. From a study of 
this inslnictive table one can sec in which of the mineral indus- 
tries of India ther(‘ is room for expansion for tlie supply of tlic 
internal markets of the country. 


T<ible Vl.—ShxMng and rejininq facililifs as at Ihc 31st Juh/, 1932. 

• '£l^e.^e statistics have been supplied by the mining and smelting 
companies. The term mine smelter is applied in oases where the 
corap.iny is smelting its own ores irj'cspective of whether the smelter 
is close to or distuut from the mim*. 



T\ble 1. — Minetal Eesove 



bilver-oFe Copper ore nud 










EKEATA. 

Page 476, columns 6 and 6, againsb Coal, /or ‘ 20,000 tons ' 
rfad * 20,000 million tons ’ and for * 60,000 tons ’ reed * 60,000 
million tons.’ 



Table Jl-k.—MiMmlPwii4m, 


1 

2 

2a 

8 

4 

6 

Ores ,111.1 mlnoMls. 

Kinds and gradio. 

% 

Unit. 

1013. 

1917. 

1020, 

AtaaiTos 

Corundum 

Tons 

416 

2,071 

210 


(lanict 


6 

20 

Altiinlnlum(w under iJniivKo) 

ilo^tlystll'nitc 




Antimony-ore ... , . 

» 

10(11)8,) 

180 

20(lbR.) 

AisonlcKire 

Mostly orplnient 

.. 

.. 

Ko figures available 

Asbestos 

Chry.iol lie and other Llwlf 

Tons 


148 

1,818 

Barytes 

.... 

» 

.. 


678 

Bauxite . . .... 

.... 

II 

l,IK4 

1,1)63 

8,031 

Blsinnth'nre 

Native bbmitli ..... .* 

Lbs, 


660 


Borates 

Borax , , 

Owts. 

,, 

,, 


China clay 

.... 

Tons 

„ 


.. 

ChiomHre 

Chromite 

II 

5,676 

27^61 

26,801 

Coal, cob and l)y-[»ro(luetfl . . , , 

Bituminous nou-eoUiuj and coking coal . 

Coke:- 

M 

16,208,001) 

18,212,918 

17,062,214 


SoIt{nou-metalliiTgIcal) ....... 



Koilgurehav<illahlo 


Hard (iiiotallurgieal) ........ 



Kollsuies available 

Cobalt 

Ily-prodiicts: ammonium bulphato ...... 



No tlmiros available 

3.732 

.... 



Koligiires available 

Copper-ore . 

.... 

Tons 

3,810 

20,108 

28,167 

Diamonds 


Carats 

116 

18 

86 

Mpar 

.... 

Tons 

.. 

Ho ilgiires available 

fuller's eartli ...... 

.... 

II 

i,i();t 

Noii'iiiresaviillahle 

(lold(s/?nii(lerMel.ill'r(i(liieli()ti) . . . 

lilodlyuiiiileiousiiet ,aiidiionicalln\iiilg»Id . . . , 

.. 


,, 

, 

Crnpliili) . 

.... 

Tons 

.. 

lo:. 

101) 

Cyiisnm . , . . 

.... 

II 

24,061 

16,683 

113,551 

Iron-ore 

Mostly haeuinillo , 

„ 

870,845 

418,356 

558,005 

lead-ore . 

(lalena tu!\ed with a litl le slne-and eoppeNiri' . , , . 

II 

20,325 

71,634 

128,908 

Magnesite 

.... 

„ 

16,108 

18,202 

H,346 

Maiiganeho-nn 

Cliielly 'tMiinile and iidloniclaue; some holl, indite and pyrolu- 
site. 


816,017 

601), 818 

736,439 

Mica 

.... 

Cwts. 

45,422 

40,008 

46,952 

llolybdenmn-orc 




27 

1 

Monazltc 

.... 

Tons 

1,236 

1,940 

1,641 

Nlobl-oro (se under Motilpmdiiiiiuii-jriebl 
spebs). 

.Vltmtes (sec under PoUsIi inliiewls). 

PcMouiii 

Ornde . , , 

OallouB 

277,566,326 

282,7511,628 

208,116,834 


l*utrol.iiieIiidliiglHmzeiie and dangerous spirit . . . 

Kerosene 

IhirnliigoU 

Fuel oil 

M 

M 

» 

No llgi'iift 

available 



Hiteh 

Heavy bonzena 

n 

•• 




(a) Export figures only, 
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0 

7 

8 

9 

10 

11 

1020. 

1927. 

1928. 

1020. 

1930. 

1031. 

28 

14 

* 06 
285 

23 

480 

84 

30 

7 


308 

500 

870 

77 

a 

• 




J^o Agitrcs avatiable 



58 

08 

166 

818 

33 

6 

2,511 

1,710 

3,006 

3,750 

6,797 

5,664 

4,050 

4,310 

14,667 

9,044 

2,514 

.. 


48 

82 

88 

112 

42 


4 

15 

7 


.. 

18,648 

22,983 

18,788 

16,657 

10,116 

23,865 

88,882 

57,207 

45,466 

40,565 

50,684 

19,013 

20,009,107 

22,082,836 

22,642,872 

28,418,784 

28,803,048 

21,716,486 

516,666 

20,628 

16,138 

608,612 

42,445 

18,607 

089,002 

66,533 

'15,400 

1 (a) 2,281 

17,567 

No OgUTcs available 

(ff) 1,282 
16,181 

12,183 

0,508 

6,010 

18,060 

76,836 

123,740 

158,686 

60 

118 

824 

1,627 

1,821 

680 


1^0 fiRvrcs aTAlbblo 


67 

884 

8,456 

2,718 

3,304 

3,004 

4,433 

'2,058 

No jffoiiiidlon 

1^0 pi 

roUwihm 

30 

No pro<lU(*tioD 

#* 

6 

34,473 

38,105 

59,050 

52,726 

60,816 

68,682 

1,650,206 

1,846,785 

2,065,002 

2,428,555 

1,840,625 

1,624,888 

862,911 

460,777 

448,664 

464,606 

630,124 

897,670 

80,461 

10,658 

24,400 

28,407 

16,528 

5,833 

1,014,028 

1,129,363 

078,440 

004,270 

820,940 

637,844 

41,924 

42,614 

46,112 

53,231 

62,727 

88,063 

64 

280 

103 

180 

14 

00 

280,860,826 

ff 4 

• • 

4 « 

281,113.000 
ifo Agu) 

80li,04S,?ll 
en avallalile 

306,148,093 

21,241,770 

1 141,119,675 

1 11,648,787 

1 6,567,644 

1 102,020 

52,588,400 

311,080,108 

21,820,662 

186,672,748 

17,228,680 

7,664,280 

126,040 

61,705,400 

806,018,761 

16,297471 
14498,901 
9,810 . 
41,268400 
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42 
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Kinds auil grades. 


‘E'ORBIOK COlTI31*RI138 

cemtti* 

ALTsenlo — ^antU, Arseuli: and. its Gemiauy ... 

oxide — 

Netberlauds • 
Belgium ... 
Jtaly , • . 

Franco ... 
Byrla 
Spain 

Otlier ITative HtaU^s 
in Arabia. 

Turkey, European 

Xcoq • « * • 

Fersla ... 

Fava « . * 

China (exudnslve of 
and 

TTnlted States of 
America oid Atlantic 
Ck»st. 

Siam ... 

Total Forelsn Goon- 
fades. 

QtBJixm ToxAn . 

BSIXZBB IfiMSlKB. 

ihMtos • * Aafaestos, raw . Sfanalts SetUements 

(InoXudlxig Z*at>uan>. 

Fobxxof Ck>iJircB3aiis. j 


1 


Minerals and 
metals. 


3 


Countries from wlilcb 
imported. 


SBAK3> TOTAZt . 




Table III. — Im^ports of Minerals and Metals- 



1?JS!KM0K : MiTierals and Metals in InMa* 





Hmrds of the Oeological Survey of India. 



Pa»t 4.] 


1 


M'lzK'rals and 
inetnls* 


Coal, ooke and hy^ 
products — oojtft/. 


Kinda and pradra. 


Connfriefl from which 
Imported. 


Goal and 
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ib') Coke 


Bbitisb S!3CPXai3. 


ITnited ISinedaza 

Straits SetilementB 
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Total British Bmplre . 


FoiLEtoK roiramtnifl. 

Germany . • • 

Japan • • • 


Total :E'oreign Coun- 
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Obakp Totai^ . 


Pitdi and tar— 


BBrMBB SacPZBB. 


(a) Coal tar and TTnlied JSiiagdom 

pitch. I 

Straits SetUementa 
(Indhidins Babnan). | 

Ceylon . • • ^ 

ITatAl . . 


Total Briidsh Bmplre 






Table ITT . — Imports of Minerals and Metals— c<mtd. 



36,688 1,03,743 .. .. .. .. 1 10,976 1,24,012 .. .. .. .. 38,370 l,66,64<r 
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Table lll.—Im'ports of Minerftls and Meffds—contd. 






1,160 8 , 00,842 .. .. .. .. 1,422 3 , 48,666 


Table III . — Imports of Minerals and Metals— GoniA. 
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s r^oui v^liloli 



Ij< arl — ^imw rou 
— ronttl^ 

<«») -Pies 


<r> €>nM*r Boris 


BRITISIX ■RATPraiS. 
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VOBmaK (.JOTTNVR1I3S 
— ro7iM» 

<«e) r*iil>rlcntfuij; oils . 
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JSecords of l/ie Geological. Surm/ of Imlia. [Voir, LXVI, 
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Table III.— /wiporfe of Minerals and Meiak— contd. 



1«7,137 8,28,102 I 1,010 6,743 105,627 8,21,300 100,566 8,12,524 76 S80 1 100,481 8,12,194 218,088 8,82,269 j 226 976 \ 217,868 B8,81,29r 
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XTnlted States of „ .. .. .• | .. 989,749 7,16,09,516 



■Vtgiusslor 1929, Cn«iw89'84 per eesnt Pb*=-20‘7O per cent. 63*27 oza. Ag to the ton. 

• Jigiiresfor 19S0, Ca=>:41*0 per cent, Plre= 28-01 per cent. 69-85 o?s. Ag to the ton. 

•Mgurea for 1031, Ca<a48‘64 per cent. Pb— 27*77 per cent, and 84*97 oss. Ag to the ton. 

4 In the figure of gold exports domestic production and exports of gold imported In prevlouB years cannot be diafjnguiahed. The exports for 1931-82 
condBfe} of comse, mainly of tne latter. 
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Total British Empire 997.283 1.67.88.180 1.219.879 j 1.77.28.049 917.449 [ 1.22.68.457 
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As 'srltb g<Ad those exporta are partly ot domestio productloii, but are mainly re-exports of tlie imports of previous years. 
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Tablbs rv. — Exports qf Minerals and Metals — conoid. 
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ERRATA. 

Owii^ to revised figures taving been received after the print- 
ing of Table V, the following corrections should be made in that 
Table : — 

Arsenic— i’or 2,107 read 2,114 in columns 4 and 6. 

Borax— J'or 18,742 reed 18,242 in columns 4 and 6. 

Petroleum— Petrol including benzene and dangerous spirit — For 
15,647,678 reed 13,647,642 in column 4; and /or 36,101,460 read 
36,101,424 in column 6. 

Potash, chemicals and manures — For 142,721 read 162,721 in 
columns 4 and 6. 

Salt— for 632,763 read 628,694 in column 4; and for 2,086,109 
read 2,081,960 in column 6. 
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Tabt-h V. — Gonsumpion, 1931 — concld. 
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ie) lOSO-Sl. 

(d) Fresmnably mahil ^^nccntrate'*. 





Table VI, — SmdMng and Boning Facilities as at 31$t July, 1932. 









Table VL — SmMug and Be/ining facilities as at 31st July, 1932— coadd. 



<a) 60,000-60,000 tons of ztno oonoenbzates aro produced In milling plant and shipped to Europe for smelting. 
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FIG. 1. HORNBLENDE ROCK, SHOWING HORNBLENDE WITH CLEAVAGE PLANES 
Along the margin are opaque iron-ore (black) and plagioclaee (white). (X 20 ) 



P. K* Ghoshi Photomicros, s,/,, Calcutta 

FIG. 2. TALO-OHLORITE-ROOK WITH SMALL GRAINS AND PORPHYROBLA8TS 
OF TITAN ITE, showing two systems of cleavage. (X 20.) 
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ii. K, Chandra, Del, Topography taken from aheete 45 H and 46 £, Q, 8. l.,Caloutta. 

SKETCH GEOLOGICAL MAP SHOWING THE DISTRIBUTION 
OF THE TALC-SERPENTINE-CHLORITE-ROCKS OF 
SOUTHERN MEWAR AND DUNGARPUR. 











